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Background of the Invention 

10 This invention concerns peptidomimetics useful in 

the treatment of human cancers. 

Ras is an oncogene prevalent in over 2 0% of all 
human cancers. In particular, ras oncogenes are found in 
approximately 30% of all lung cancer, 30% of all myeloid 

15 leukemia, 50% of all colorectal carcinoma, and 90% of all 
pancreatic carcinoma. Barbacid, M. , Ann. Rev. Biochem. , 
56:779 (1987), Bos, J.L., Cancer Res . 45:4682 (1989). 
Examples of ras mutations include H-ras, K-ras, and N-ras. 

Like other members of the super family of small GTP— 

20 hydrolyzing proteins, ras-encoded proteins require post- 
translational processing for membrane association and 
biological function. Maltese, W.A. , FASEB Journal, 4:3319 
(1990), Hancock, J.F. et al., Cell, 57:1167 (1989). 

The post-translational processing of the ras protein 

25 is signalled by a short carboxy terminus consensus sequence, 
a CAAX box, indicating which isoprenyl group (farnesyl or 
geranylgeranyl) is to be attached. For farnesylated 
proteins, such as Ras, lamin B, and y-transducin, C is 
cysteine, A is an aliphatic amino acid, and X is methionine, 

30 serine, or glutamine. Gerany lgeranylated proteins such as 
Rap, Rab, Rho and other small GTP-binding proteins, have 
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similar CAAX sequences in which X is usually leucine, or 
occasionally phenylalanine. 

Post-translational processing of the ras-encoded 
protein includes at least three steps. First, reaction with 
5 farnesyl pyrophosphate attaches a farnesyl group to the 
Cys 186 residue. Second, a specific protease cleaves the 
three carboxy-terminal amino acids. Third, the carboxylic 
acid terminus is methylated to a methyl ester. The farnesyl 
transferase enzyme (FTase) mediates the attachment of the 

10 farnesyl group to a protein. The geranylgeranyl transferase 
I enzyme (GGTase) mediates the attachment of the 
geranylgeranyl group to a protein. 

Post-translational processing, particularly 
f arnesylation, of ras proteins is critical for in vivo ras 

15 protein function. Upstream of FTase, f arnesylation of a ras 
protein can be inhibited by mevalonate synthesis inhibitors 
such as lovastatin or compactin, which are HMG-CoA reductase 
inhibitors. Direct inhibition of FTase by short peptides or 
peptide-like substrates has also been demonstrated. 

20 Summary of the Invention 

This invention features peptidomimetics useful in 
the treatment of ras-associated human cancers. The 
compounds of the invention inhibit post-translational 
modification of ras proteins by FTase, thereby down- 

25 regulating ras protein function. Substitution at the R 7 , 
R 2 , R 4 or R 5 positions (see, e.g., formula I below) 
modulates the specificity and selectivity of a compound of 
the invention for FTase and GGTase. The compounds of the 
invention inhibit post-translational modification of ras 

3 0 proteins by the related GGTase, which also results in down- 
regulation of ras protein function. Certain compounds of 
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the invention are selective or specific for FTase, in 
preference over GGTase . 

In general, the invention features a compound of the 
formula: 



wherein R 1 is H, NHR 8 , or NR 8 R 9 , wherein R 8 is H, 
C 1 _ 6 alkyl, C a _ 6 acyl, C 2 _ 14 alkyloxycarbonyl or any other 
amino-protecting group, and R 9 is C 1 _ 6 alkyl, C a _ 6 acyl, or 
C 2-14 alkyloxycarbonyl; or, when taken together with R 7 , a 

10 bif unctional organic moiety of fewer than 50 carbon atoms; 
R 2 is H, C X _ B alkyl, (C 6 _ 40 aryl) (C 0 _ 6 alkyl), or 
(C 3 _ 10 heteroaryl) {C 0 _ 6 alkyl) ; R 3 is H, alkyl, or 

(C 6 _ 40 aryl) (C 0 _ 6 alkyl); R 4 is C 3 . 16 cycloalkyl, 
(C 3 _ 16 heterocyclic radical) (C 0 _ 6 alkyl), (C 6 _ 12 aryl)- 

15 (C 0 _ 6 alkyl), (C 3 _ 16 heteroaryl) (C 0 _ 6 alkyl), 

c 2-14 alkoxycarbonyl (or, where X is 2 singly-bonded H, any 
other amino-protecting group), R 5 (CH-) (C=0) R 6 , 
R 5 (CH-) (C=S)R 6 , R 5 (CH-) (CH 2 )R 6 , or R 5 (CH 2 -), wherein R 5 is 
C 1 _ 6 alkyl, (C 3 _ 10 heterocyclic radical) (C 0 _ 6 alkyl), 

20 (C 3 _ 10 heteroaryl) (C a _ 6 alkyl), hydroxymethyl , -(CH 2 ) n -A- 
(CH 2 ) ro -CH 3 , -(CH 2 ) n (C=0)NH 2/ or - (CH 2 ) „ (C=0) NH (CH 2 ) ro CH 3 
(wherein A is O, S, SO, or S0 2 , n is 0, l, 2 or 3, and m is 
0, 1, or 2) , or any other side chain of a naturally 
occurring amino acid; and R 6 is H, NH 2 , NHOH, 

25 C 3 _ 16 heterocyclic radical, C 3 _ 16 heteroaryl, NR 10 R ia , OR 12 , 
NR 10 OR 11 / NHOR 13 , or any other carboxyl-protecting group 
(e.g., where R 4 is R 5 (CH-) (C=0)R 6 , and R 6 is, e.g., OR 12 ) or 
any other hydroxy 1 protecting group (e.g., where R 4 is 
R 5 (CH-) (CH 2 )OR 12 ) ; wherein each of R 10 and R 11 , 
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independently, is H, C a _ 6 alkyl, (C 3 _ 16 heterocyclic 
radical) (C 0 _ 6 alkyl) , or (C 3 _ 16 heteroaryl) (C 0 _ 6 alkyl) , R 12 
is H, C x _ 6 alkyl, (C^^ acyl) oxy (C a _ 12 alkyl), 
< C 1-12 alk yl)o^y(C 1 _ 12 alkyl), c 2 _ a4 alkyloxycarbonyl, or 
5 where R 4 is R 5 (CH-) (CH 2 )R 6 , any other amino-protecting 

group, and R 13 is H, C a _ 6 alkyl, or (C 6 _ 40 aryl) (C 0 _ 6 alkyl); 
X is =0, =S, or two singly-bonded H; Y is selected from the 
following five formulae: 




(i) 



wherein R 14 is H, halide, hydroxy, C a _ 6 alkyl, C 2 _ 6 alkenyl, 
C 2 _ 6 alkynyl, C a _ 12 alkoxy, C a _ 6 acyloxy, c a _ 6 acyl, 
c 6-41 aryl, c 3-40 heterocyclic radical, C 3 _ 40 heteroaryl, 
C i-12 alkylsulfonyloxy, C a _ 12 haloalkylsulf onyloxy , 
c 6-40 arylsulf onyloxy, or C 6 _ 41 aryloxy; 



15 




(ii) 



wherein R 15 is H, halide, hydroxy, c a _ 6 alkyl, C 2 _ 6 alkenyl, 
C 2 _ 6 alkynyl, C a _ 12 alkoxy, C a _ 6 acyloxy, C a _ 6 acyl, 
c 6-4i a ryl, C 3 _ 40 heterocyclic radical, C 3 _ 40 heteroaryl, 
C i-12 alkylsulfonyloxy, C a _ 12 haloalkylsulf onyloxy , 
20 C 6-40 arylsulfonyloxy, or C 6 _ 41 aryloxy; 




(iii) 



wherein R 16 is H, halide, hydroxy, C a _ 6 alkyl, C 2 _ 6 alkenyl, 
C 2 _ 6 alkynyl, C 1 _ 12 alkoxy, C a _ 6 acyloxy, C a _ 6 acyl, 
c 6-4i ar yl/ c 3-40 heterocyclic radical, C 3 _ 40 heteroaryl, 
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C i-12 alkylsulfonyloxy, C a _ 12 haloalkylsulf onyloxy , 
c 6-40 arylsulfonyloxy, or C 6 _ 41 aryloxy; 

Ft" 




(iv) 



wherein R 17 is H, c^ a alkyl, (C 6 _ 40 aryl) (C c _ 6 alkyl) , 
(°3-io heteroaryl) (C 0 _ 6 alkyl), or (C 3 _ 10 heterocyclic 
radical) (C 0 _ 6 alkyl); and 




wherein R 18 is H, c a _ 8 alkyl, (C 6 _ 40 aryl) (C 0 _ 6 alkyl), 
< c 3-io heterocyclic radical) (C Q _ 6 alkyl) , or 

10 ( c 3-io heteroaryl) (C Q _ 6 alkyl), and Z is O, S, SO, S0 2 , or 
NR 19 wherein R 19 - is H, alkyl, C a _ 6 acyl, (C 6 _ 40 aryl)- 

(C 0 _ 6 alkyl) , C 3 _ 10 heterocyclic radical, (C 3 _ 10 heteroaryl) 
(C 0 _ 6 alkyl), or C 2 _ 14 alkyloxycarbonyl ; or wherein R 18 and 
NR 19 taken together form a bifunctional C 6 _ 40 aryl, a 

15 bifunctional C 3 _ 12 heterocyclic radical, or a bifunctional 
c 3-l2 heteroaryl; and R 7 is an organic moiety having fewer 
than 50 carbon atoms or, when taken together with R 1 , a 
bifunctional organic moiety having fewer than 50 carbon 
atoms; or a pharmaceutically acceptable salt thereof. 

20 Compounds of the invention include, for example, 

compounds PD301, PD311, PD321, PD331, PD341, PD351, PD361, 
PD371, PD381, PD391, PD401, PD411, PD421, PD431, PD441, 
PD451, PD461, PD012, PD022, PD032, PD042, PD052, PD062, 
PD072, PD082, PD092, PD102, PD112, PD132, PD142, PD152, 

25 PD162, PD172, PD182, PD192, PD202, PD212, PD222, PA011, 
PA021, PA031, PA041, PA051, PA061, PA071, PA081, PA091, 
PA101, PA111, PA121, PA131, PA141, PE011, PE021, PE031, 

- 5 - 
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PE041, PE051, PE061, PT011 , PMOll, PM021, PM031, PM041, 
PM051, PM061, PM071, PM081, PM091, PM101, PM111, PM121, 
PM131, PM141, PM151, PM161, PM012, PM022, PM032, PM042, 
PM052, PM062, PM072, PM082, PM092, PM102 , PM112, PM122 , 
5 PM132, PM142, PM152 , PM162, PM172, PM182 , PM192, PM202 , 
PM212, and PM222. 

In one aspect of the invention, compounds of the 
invention inhibit post-translational modification of the 
oncogenic ras protein by FTase, GGTase, or both. Such 

10 inhibition reduces or blocks the ability of the ras protein 
to transform normal cells to cancer cells. Compounds of 
formulae I-VI and VIII-XI, therefore, are for use in 
medicine (e.g., treatment of conditions mediated by 
farnesylated or geranylgeranylated proteins, such as 

15 treatment of ras-associated tumors, in mammals, e.g., 
humans) . 

Examples of ras-associated tumors include: tumors 
of the bladder, breast, colon, kidney, liver, lung, ovary, 
pancreas, and stomach; hematopoietic tumors of lymphoid 

20 (acute lymphocytic leukemia, B-cell lymphoma, Burkitt's 
lymphoma) and myeloid (acute and chronic myelogenous 
leukemias, promyelocytic leukemia) origins; in tumors of 
mesenchymal origin (such as fibrosarcomas and 
rhabdomyosarcomas) ; and melanomas, teratocarcinomas , 

25 neuroblastomas, gliomas, and keratoacanthomas (see supra, 
Barbacid, 1987). 

In another aspect, the invention encompasses methods 
of treating ras-associated tumors in a patient by 
administering an effective amount of a pharmaceutical 

30 formulation of one or more compounds of the invention to the 
patient. 

In another aspect, the invention encompasses 
synthetic intermediates of the disclosed inhibitor compounds 
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such as compounds R007D, R011D, R019D, R020D, R029D, R003E, 
R005E, R004T, R003M-R006M / R025M, R027M, R023D, R017M, 
R006A, R004A, R0O3A, R012A, R014D, R023M, R024D, R007E, 
R001A, R007T, R013D, R018M, and Wittig reagent R012M. 
5 Other features and advantages of the present 

invention will be apparent from the following drawings and 
detailed description, and also from the appending claims. 

Detailed Description 

A. Abbreviations 

10 Abbreviations used herein unless otherwise specified 

are: BOC or t-BOC ( t-butoxycarbonyl) ; BOC 2 0 or tBOC 2 0 
(di-t-butyldicarbonate) ; CMC (l-cyclohexyl-3- (2-morpho- 
linoethyl) carbodiimide metho-p-toluenesulf onate) ; 
COD (1, 5-cyclooctadiene) ; DCC (dicyclohexylcarbodiimide) ; 

15 DIBAL (diisobutylaluminum hydride) ; DMAP (4-dimethylamino- 
pyridine) ; DME (1,2-dimethoxyethane) ; DMF (dimethyl- 
f ormamide) ; EDC ( 1- ( 3-dimethylaminopropyl) -3-ethylcarbo- 
diimide) ; FC (flash chromatography on silica gel) ; 
HMDS (hexamethyldisilazide, also known as bis (trimethyl- 

20 silyl) amide) ; HOBT (hydroxybenzotriazole hydrate); 

HPLC (high pressure liquid chromatography); MTT ([3-(4,5- 
dimethylthiazol-2-yl) -2 , 5-diphenyl-2/f-tetrazolium bromide]) ; 
NMM (N-methylmorpholine) ; PNB (p-nitrobenzyl ) ; 
RP (reversed phase) ; TBAF (tetrabutylammonium fluoride) ; 

25 TBS (t-butyldimethylsilyl) ; TFA (trif luoroacetic acid) ; 
Tf (trif luoromethanesulf onyl) ; Tf 2 0 (trif luoromethane- 
sulf onic anhydride) ; THF (tetrahydrof uran) ; TsCl (p-toluene- 
sulf onyl chloride) ; and TsOH (p-toluenesulf onic acid mono- 
hydrate) . 
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B. Terms 

An alkyl group is a branched or unbranched 
hydrocarbon that may be substituted or unsubstituted. 
Examples of branched alkyl groups include isopropyl, 
5 sec-butyl, isobutyl, tert-butyl, sec-pentyl, isopentyl, 
tert-pentyl, sec-hexyl, isohexyl, and tert-hexyl. 
Substituted alkyl groups may have one, two, three, or more 
substituents, which may be the same or different, each 
replacing a hydrogen atom. Substituents are halide, 

10 hydroxyl, protected hydroxy 1, amino, protected amino, 

carboxy, protected carboxyl, cyano, methylsulf onylamino, 
alkoxy, acyloxy, nitro, and lower haloalkyl. 

Similarly, cycloalkyl, aryl, arylalkyl, alkylaryl, 
heteroaryl, and heterocyclic radical groups may be 

15 substituted with one or more of the above substituting 
groups. Examples of cycloalkyl groups are cyclopropyl, 
cyclopentyl, cyclohexyl, and cyclooctyl. An aryl group is a 
c 6-40 aromatic ring, wherein the ring is made of carbon 
atoms (e.g., C 6 _ 20 , or C 6 _ 12 aryl groups). 

20 A heterocyclic radical contains at least one ring 

structure which contains carbon atoms and at least one 
heteroatom such as N, O, or S. A heteroaryl is an aromatic 
heterocyclic radical. Examples of heterocyclic radicals and 
heteroaryl groups include: thiazolyl, 2-thienyl, 3-thienyl, 

25 3-furyl, furazanyl, 2H-pyran-3-yl , 1-isobenzof uranyl , 
2H-chromen-3-yl, 2H-pyrrolyl, W-pyrrolyl, imidazolyl, 
pyrazolyl, isothiazolyl , isoxazolyl, pyridyl, pyrazinyl, 
pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, indolyl, 
indazolyl, purinyl, phthalazinyl , cinnolinyl, and 

30 pteridinyl. 

A heterocyclic radical may be attached to another 
moiety via a carbon atom or a heteroatom of the heterocyclic 
radical. In formulae I-III where R 6 is a heterocyclic 



WO 95/25086 



• PCT/US95/03387 



radical or heteroaryl, R 6 is preferably attached to a 
thionyl or carbonyl of R 4 via a heteroatom of R 6 . This 
preference extends analogously to generic formulae IV-VI 
where R 26 is a heterocyclic radical or heteroaryl, R 26 is 
5 preferably attached to a thionyl or carbonyl of R 24 via a 

heteroatom of R 26 . This preference also extends analogously 
to formulae VIII-XI. 

In certain embodiments, R 4 (and analogous groups 
such as R 24 ) may be a lactone or lactam (or the thiocarbonyl 
10 or thioester equivalents) . For example, R 4 includes 

radicals of homoserine lactone and homocysteine lactone. 

An acyl group has the formula R(C=0)- and an acyloxy 
group has the formula R(C=0)-0-, wherein R is H, 
c i-l2 alkyl, C 6 _ 20 aryl, or C 7 _ 20 arylalkyl. Thus, a 
15 C a _ 14 acyl includes R being, for example, H, C 1-6 alkyl, 

c 6-l2 alkyl, and C 7 _ 13 arylalkyl. An alkyloxyalkyl group has 
the formula R-O-R'-, wherein each of R and R' , 
independently, is C a _ 12 alkyl (e.g., R is C X _ B or C^ 6 ) . An 
acyloxyalkyl group has the formula R- (<§=0) -O-R' - , wherein 
20 each of R and R' , independently, is Cj.^ alkyl, C 6 _ 20 aryl, 
or C 7 _ 20 arylalkyl (e.g., is C a _ 8 or C a _ 6 ) . An 
alkyloxycarbonyl group has the formula R-0-(C=0)-, wherein R 
is C 2 _ 14 alkyl (eg., C 2 _ 6 ) . A preferred alkyloxycarbonyl 
group is t-butoxycarbonyl (BOC) . A carbamoyl group has the 
25 formula RR'N-(C=0)-, wherein each of R and R' , 
independently, is H, alkyl, or C 6 _ 20 aryl. 

An activated leaving group (L, L n ) departs from a 
substrate with the pair of electrons of the covalent bond 
between the leaving group and the substrate; preferred 
30 leaving groups stabilize those electrons via the presence of 
electron-withdrawing groups, aromaticity, resonance 
structures, or a combination thereof. Examples of activated 
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(or electron-withdrawing) leaving groups include halide 
(iodide and bromide are preferred) ; hydroxy; 
c l-l2 alfcylsulfonyloxy such as mesylate and 
trifluoromethanesulfonate; C 6 _ 20 arylsulf onyloxy such as 
p-toluenesulfonate, p-nitrobenzenesulf onate; benzoate and 
benzoate derivatives such as p-nitrobenzoate; 
c 7-40 arylalkyl such as p-nitrobenzyl ; C 7 _ 20 arylalkyloxy ; 
C i-12 alkoxy; C 2 _ 12 alkyloxycarbonyl such as BOC; 
C l-12 acyloxy, C 1 _ 12 carbamoyl, and C 2 _ 5 haloalkylcarbonyloxy 
such as trif luoroacetate. Examples of electron-withdrawing 
groups include halides, halogenated alkyls, carboxylate, and 
nitro groups. 

Numerous thiol-, amino- and carboxyl-protecting 
groups are well-known to those in the art. In general, the 
species of protecting group is not critical provided that it 
is stable to the conditions of any subsequent reaction (s) on 
other positions. of the compound and can be removed at the 
appropriate point without adversely affecting the remainder 
of the molecule. In some embodiments, R 1 and R 7 taken 
together are preferably a bifunctional thiol-protecting 
group, having two points of attachment instead of one, such 
as -(C=OJ- and isopropylidene (-C(CH 3 ) 2 -) which form 
particularly stable products. 

Similarly, in some embodiments, R 18 and NR 19 taken 
together are a bifunctional aryl, heteroaryl, or 
heterocyclic radical. Examples of preferred thiol- 
protecting groups include thioethers, sulfenyl derivatives, 
disulfides, and bifunctional protecting groups such as 
dithiols, aminothiols, thioaminals, and thioacetals, such as 
thiazolidines and thiazolidinones. A preferred thiol- 
protecting group, such as a disulfide, will be cleaved under 
mild reductive conditions. 



- 10 - 
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Examples of disulfides include S-ethyl, S-t-butyl, 
and substituted S-phenyl. In addition, symmetrical and 
asymmetrical disulfides are discussed further below. 

Examples of thioethers include (i) S-benzyl and 
5 derivatives thereof such as S-4 -methyl- and S-3 , 4 -dimethyl- 
benzyl, S-p-methoxybenzyl, S-o- or p-hydroxybenzyl (or 
acetoxybenzyl) , S-p-nitrobenzyl , S-4-picolyl, S-2-picolyl 
N-oxide, and S-9-anthrylmethyl ; (ii) S-diphenylmethyl , 
substituted S-diphenylmethyl, and S-triphenylmethyl 

10 (S-trityl) thioethers such as S-diphenyl-4-pyridylmethyl , 

S-5-dibenzosuberyl, and S-bis ( 4 -methoxyphenyl) methyl , and ; 
(iii) substituted S-methyl derivatives such as S-methoxy- 
methyl, S-isobutoxymethyl , S-2-tetrahydropyranyl, 
S-benzylthiomethyl, thiazolidines , S-acetamidomethyl , 

15 S-benzamidomethyl, S-acetyl-, S-carboxy-, and S-cyanomethyl ; 
and (iv) substituted 5-ethyl derivatives such as S-2-nitro- 
1-phenylethyl , S-t-butyl, S-2 , 2-bis (carboethoxy ) ethyl , and 
S-l-m-nitrophenyl-2-benzoylethyl. 

Thioesters including S-acetyl, S-benzoyl, 

20 thiocarbonates (e.g., S— benzyl oxycar bony 1 , S-t-butoxy- 
carbonyl) , and thiocarbamates (e.g., S-(N-ethyl)) and 

S- (W-methoxymethyl) are less preferred for use in the 
synthetic pathway shown. For example, some of these 
thioesters and thiocarbamates may not be resistant to the 

25 LiOH/MeOH/H 2 0 hydrolysis in Scheme VIII. However, an 
organic chemist of ordinary skill can make suitable 
modifications to the synthetic pathway, such as using an 
ester other than methyl, to improve the compatibility of 
these thiol-protecting groups. 

30 In addition, a protecting group may be substituted 

for another after substantive synthetic transformations are 
complete. Clearly, where a compound differs from a compound 
disclosed herein only in that one or more protecting groups 
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of the disclosed compound has been substituted with a 
different protecting group (e.g., carbamate), that compound 
is within the invention. Further examples and conditions 
for thiol-, amino-, and carboxyl-protecting group chemistry 
5 are found in T.W. Greene, Protective Groups in Organic 
Synthesis , (1st ed. , 1981, 2nd ed. , 1991). 

The invention also encompasses isotopically-labelled 
counterparts of compounds disclosed herein. An 
isotopically-labelled compound of the invention has one or 

10 more atoms replaced with an isotope having a detectable 

particle-emitting (radioactive) nucleus or a magnetogyric 
nucleus. Examples of such nuclei include but are not 
limited to 2 H, 3 H, 13 C, 14 N, 19 F, 29 Si, 31 P, and 32 P. 
Isotopically-labelled compounds of the invention are 

15 particularly useful as probes or research tools for 

spectrometric analyses, radioimmunoassays, binding assays 
based on y- or p- scintillation, autoradiography, and 
kinetic studies such as the determination of primary and 
secondary isotope effects. 

20 C. Embodiments 

It will be apparent to those in the art that 
formulae I and IV are closely related, having substituents 
which are analogous. For example, R 1 , R 5 and R 7 in formula 
I are analogous to R 21 , R 25 , and R 27 in formula IV, 

25 respectively. Thus, in this description, general guidance 

and preferred embodiments described for R 1 are understood to 
apply to R 21 , those for R 7 are understood to apply to R 27 , 
and so on. In addition, those in the art will recognize 
other relationships, such as that formula I is closely 

30 related to formulae II and III; that formulae (i)-(v) are 

closely related to formulae (vi)-(x); and that formulae VII- 
XI are related to formulae I and IV. 
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In one aspect, the invention is a compound having a 
formula selected from formulae I-III (or IV-VI), where R 7 
(or an analogous group such as R 27 in formula IV) is any 
moiety compatible with the intended use of the compound. In 
5 one aspect, a compatible moiety is an organic moiety having 
fewer than 100 carbon atoms, such as fewer than 50, 35, 30 
or 2 0 carbon atoms. In another aspect, a compatible moiety 
is a polymer backbone or matrix for drug release or 
delivery, which may contain 100, 150, or more carbon atoms, 

10 due to its polymeric nature. 

A compatible organic moiety must not interfere with 
the intended use of the compound. For example, where the 
use is inhibition of one or more isoprenyl transferase 
enzymes, the remainder moiety may enhance the inhibition; 

15 perform a supplementary ras-associated function; perform a 
complementary different function; or perform no particular 
function, including undergoing chemical cleavage from the 
inhibitor moiety of the compound in the body. 

Examples of an organic moiety include mono- or 

20 bifunctional thiol-protecting groups; detectable or 

bioimaging agents; systemic or specific anti-cancer agents; 
targeting agents intended to localize delivery of a compound 
of the invention to a selected class of cells, a tissue, or 
an organ; directing agents intended to selectively 

25 discourage uptake of a compound of the invention by a 
selected class of cells, a tissue, or an organ; other 
competitive, noncompetitive, uncompetitive or mixed 
inhibition inhibitors of an isoprenyl transferase enzyme. 
Such inhibitors include inhibitors of ras-associated 

30 enzymes, including suicide substrates of ras-associated 
enzymes . 

In one aspect, the compound of the invention is a 
disulfide. An asymmetrical disulfide is a moiety set forth 
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in a formula selected from the formulae I-III wherein R 7 (or 
an analogous group such as R 27 in formulae IV-VI) is 
deleted, the free sulfur atom being bonded to any moiety 
having a second reactive sulfur atom to form a disulfide. 
5 Preferably, "any moiety" is an organic moiety having fewer 
than 100 carbon atoms, such fewer than 50, 40, 3 0 or 20 
carbon atoms. Examples of such organic moieties include but 
are not limited to the other moieties listed in a previous 
paragraph (such as detectable or bioimaging agents, anti- 
10 cancer agents, and drug-targeting agents) and the moieties 
defined by R 7 , or R 7 and R 1 when taken together. 



asymmetrical disulfide, wherein the organic moiety is itself 
a (different) moiety set forth in a formula selected from 

15 the formulae I -VI wherein R 7 (or an analogous group such as 
R 27 in formula IV) is deleted. In another embodiment, the 
invention relates to a symmetrical disulfide dimer, wherein 
R 7 is a moiety of the same formula with R 7 deleted, such as 
PD212, PE041, PE051, PM141, and PM022 . Due to the 

2 0 reactivity of an unprotected thiol group, it may be 

desirable to store or handle a compound of the. invention in 
the form of a symmetrical disulfide dimer or an asymmetrical 
disulfide. 



25 (mixture) combinations of two different compounds of the 
invention are useful not only to prevent premature 
sequestration in the patient, but also to formulate and 
deliver a dual-acting drug. For example, a first compound 
may be a more potent FTase inhibitor than a second compound 

3 0 and the second may be a more potent GGTase inhibitor than 
the first. Thus, to the extent that some farnesylated 
proteins may be alternatively geranylgeranylated, a GGTase 



Another embodiment of this aspect relates to an 



Chemically-linked (e.g., disulfide) or formulated 
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inhibitor will also be available in the patient via the same 
drug dose. 

Certain compounds (in fact a majority) of the 
invention are dual-acting compounds, wherein the compound 
5 has some degree of activity for both GGTase and FTase. The 
relative selectivity and specificity can be modulated by 
substitution (e.g., at the R 7 , R 2 , R 4 , R 5 , and Y positions). 
Therefore, to the extent that some farnesylated proteins may 
be alternatively geranylgeranylated, a GGTase inhibitor will 

10 also be available in the patient via the same compound. 

In general, the preferred stereochemistry for the 
-CH 2 -S-R 7 moiety and for each of R 2 and R 5 , independently, 
(and analogous groups such as R 22 , R 52 , and R 76 ; and R 25 , 
respectively) is shown below. Note that a preferred species 

15 may have the indicated preferred stereochemistry at one, 

both, or neither of the R 2 and R 5 positions. Furthermore, 
while the invention encompasses both cis and trans 
geometries, trans is preferred at the carbon-carbon double 
bond shown below. 




20 R 14 , R 15 , and R 16 (and analogous groups such as R , 

R 35 , and R 36 , respectively) may be ortho ,meta, or para 
relative to a phenylene point of attachment. 

The enzyme specificity of the inhibitor compounds of 
the invention is determined, in part, by the amino acid 

25 defined by the side chain of substituent R 5 (or analogous 

groups such as R 25 ) . Generally, where the amino acid is one 
of the preferred amino acids (methionine, glutamine, or 
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serine), the inhibitor is specific for FTase. Where the 
amino acid defined by the side chain of substituent R 5 is 
another amino acid, in particular leucine and phenylalanine, 
the inhibitor will generally inhibit GGTase. Compounds 
5 which inhibit FTase are preferred for their specificity. 

Potency and specificity for FTase and GGTase can be measured 
by methods well known in the art, including those disclosed 
herein, such as the in vitro inhibition assays in Example A 
below. 

10 Preferred embodiments include compounds of formulae 

I-III (or IV-VI), wherein R 1 (or R 21 ) is NH 2 or NHR 8 
(or NHR 28 ); R 8 (or R 28 ) is Cl _ 6 acyl, c 2 _ 6 alkyl, or 
C 2 _ 8 alkyloxycarbonyl; R 2 (or R 22 ) is H, Cj.g alkyl, 
< c 6-io aryl) ( c o-3 alkyl), or (C 3 _ 10 heteroaryl) (C 0 _ 3 alkyl); 
15 R" (or R 37 } is H> a alkyl# (C6 2o aryl)(C 0 _ 3 alkyl), 
( c 3-io heteroaryl) (c 0 _ 3 alkyl), or (C 3 _ 10 heterocyclic 
radical) (C 0 _ 3 alkyl) ; R 3 (or R 23 ) is H, alkyl, or 

(C 6 _ 12 aryl) (C 0 _ 3 alkyl); R 4 (or R 24 ) is is C 3 _ 8 cycloalkyl, 
(C 3 . 9 heterocyclic radical) (C 0 _ 3 alkyl), (C 6 _ 12 aryl)- 
20 (C 0 _ 3 alkyl) , or (C 3 _ 9 heteroaryl) (C 0 _ 3 alkyl) , 

R 5 (CH-) (C=0)R 6 (or R 25 (CH-) (C=0)R 26 ); wherein R 5 (or R 25 ) is 
c i-6 alkyl, (C 3 _ g heterocyclic radical) (C 0 _ 3 alkyl), (C 3 _ 9 
heteroaryl) (C 0 _ 3 alkyl), (C 0 _ 3 alkyl ) sulfonyl (C 0 _ 3 alkyl), 
(C 0 _ 3 alkyl) sulfoxide (C 0 _ 3 alkyl) or a side chain of an amino 
25 acid selected from the group glycine, alanine, valine, 
leucine, isoleucine, serine, threonine, aspartic acid, 
asparagine, lysine, glutamic acid, glutamine, arginine, 
cysteine, methionine, phenylalanine, and proline; R 6 
(or R 26 ) is H, NH 2 , NHOH, NHR 10 (or NHR 30 ), OR 12 (or OR 32 ), 
30 C 3 _ 9 heterocyclic radical, C 3 _ 9 heteroaryl; wherein R 10 
(or R 30 ) is C y _ 6 alkyl; R* 2 (or R 32 ) is H, C a _ 6 alkyl, or 
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(Cj.g acyljoxytc^ alkyl) ; R 14 (or R 34 ) is H, halide, 
hydroxy, C a _ 6 alkyl, C 2 _ 6 alkenyl, C 2 _ 6 alkynyl, C a _ 6 alkoxy, 
( c 6-l0 aryl) (C 0 . 3 alkyl), (C 3 _ 9 heterocyclic radical) - 
<C 0 _ 3 alkyl), (C 3 _ 9 heteroaryl) (C 0 _ 3 alkyl); R 18 (or R 38 ) is 
5 H, Cj.g alkyl, (C 3 _ 9 heterocyclic radical) (C 0 _ 3 alkyl), 

(C 3 _ 9 heteroaryl) (C 0 _ 3 alkyl), or (C 6 _ 12 aryl) (C 0 _ 3 alkyl); R 7 
(or R 27 ) is an organic moiety having fewer than 30 carbon 
atoms, and more preferably, H, a thiol-protecting group, or 
a moiety set forth in one of the formulae I-III (or IV-VI) 
10 wherein R 7 (or R 37 ) is deleted; or combinations of the 
above . 

Certain embodiments include compounds of formulae I- 
III (or IV-VI) , wherein R 1 (or R 21 ) is NH 2 or NH- 
(C^ acyl); R 2 (or R 22 ) is H, 2-butyl, t-butyl, isopropyl, 
15 or benzyl; R 3 (or R 23 ) is H or methyl; R 17 (or R 37 ) is 
isopropyl or benzyl; R 4 (or R 24 ) is 2-butanolidyl , 

2- pyridinyl, 4-oxa-pyrazin-tf-yl , or R 5 (CH-) (C=0) R 6 
(or R 25 (CH-) (C=0)R 26 ) ; wherein R 5 (or R 25 ) is 
(2-thiophenyl)methyl, methylsulf onylethyl , or a side chain 

20 of methionine (2- (methylmercapto) ethyl) , glutamine 

(-CH 2 -CH 2 - (C=0) -NH 2 ) , serine (hydroxymethyl) , or leucine 
(isobutyl) , and R 6 (or R 26 ) is NHR 10 (or NHR 30 ) , OR 12 
(or OR 32 ); R 10 (or R 30 ) is t-butyl; R 12 (or R 32 ) is H, 
methyl, ethyl, or isobutyl; R 14 (or R 34 ) is methyl, ethy3 , 

25 ethenyl, methoxy, ethoxy, propenyl, phenyl, benzyl, 2-furyl, 

3- furyl, o-, m- or p-methoxyphenyl , m- or p- (trif luoro- 
methyl) phenyl, 2-thienyl, 3-thienyl; R 18 (or R 3B ) is 
2-thienylmethyl, 2-butyl, or benzyl; R 7 (or R 27 ) is an 
organic moiety having fewer than 3 0 carbon atoms, and move 

30 preferably, H, a thiol-protecting group, or a moiety set 
forth in one of the formulae I-III (or IV-VI) wherein R 7 
(or R 37 ) is deleted; or combinations of the above. 
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In certain embodiments, leaving group L n is halide 
(iodide and bromide are preferred); hydroxy; C 1-12 alkyl- 
sulfonyloxy such as mesylate and trif luoromethanesulf onate; 
c 6-20 arylsulfonyloxy such as p-toluenesulf onate, p-nitro- 

5 benzenesulfonate; benzoate and benzoate derivatives such as 
p-nitrobenzoate; C 1 _ 12 carbamoyl; C 1 _ 12 acyloxy; C 7 _ 40 aryl- 
alkyl such as p-nitrobenzyl ; C 7 _ 20 arylalkyloxy ; 
C a _ 12 alkoxy; C 2 _ 12 alkyloxycarbonyl such as BOC; and 
C 2 _ 5 haloalkylcarbonyloxy such as trif luoroacetate. 

0 one embodiment is a compound of formula II: 




(II) 



R 2 x 



wherein R 1 is H, NHR e , or NR 8 R 9 , wherein R e is H, 

c i-6 alkyl, Cj.g acyl, C 2 _ 14 alkyloxycarbonyl or any other 

amino-protecting group, and R 9 is alkyl, C^g acyl, 

15 C 2 _ 14 alkyloxycarbonyl or, when taken together with R 7 , a 
bifunctional thiol-protecting group; and R 7 is H; a thiol 
protecting group or, when taken together with R 9 , a 
bifunctional thiol-protecting group; or a moiety set forth 
in the above generic formula (II) wherein R 7 is deleted, 

20 said compound being a symmetrical disulfide dimer or an 
asymmetrical disulfide; or a pharmaceutical ly acceptable 
salt thereof. 
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Another embodiment is a compound of formula III: 




(III) 



R 2 X 



wherein R^ is NHR 8 or NR 8 R 9 , wherein R 8 is C 1 _ 6 alkyl, 
Cj_ 6 acyl, C 2 _ 14 alkyloxycarbonyl, or any other amino- 
5 protecting group, and R 9 is C^.g alkyl, Cj_ 6 acyl, 

C 2-14 alkyloxycarbonyl or> w hen taken together with R 7 , a 
bifunctional thiol-protecting group; R 6 is H, NH 2 , NHOH, 
c 3-io heterocyclic radical, C 3 . 10 heteroaryl, NHR 10 , NR 10 R 1:L , 
OR 12 , NR 10 OR 11 , or NHOR 13 , (wherein each of R 10 and R 11 , 

10 independently, is Cj_ 6 alkyl, (C 3 _ 16 heterocyclic 
radical) (C 0 _ 6 alkyl), C 2 _ 14 alkyloxycarbonyl, or 
< C 3-16 heteroaryl) (Ci.6 alkyl)), R 12 is C x _ 6 alkyl, 
(C^.^ acyl)oxy(C 1 _ 12 alkyl), (C 1 . 12 alkyl) oxy (C^^ alkyl), 
c 2-i4 alkyloxycarbonyl, or where R 4 is R 5 (CH-) (C=0) OR 12 , any 

15 other carboxyl-protecting group, or where R 4 is 

R 5 (CH-) (CH 2 )OR 12 , any other hydroxyl-protecting group, and 
R 13 is H, C^_ 6 alkyl, or (C 6 _ 40 aryl) (C 0 _ 6 alkyl); R 7 is a 
thiol-protecting group, or, when taken together with R 9 , a 
bifunctional thiol-protecting group; or a moiety set forth 

20 in the above generic formula (III) wherein R 7 is deleted, 
said compound being a symmetrical disulfide dimer or an 
asymmetrical disulfide. 
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Another embodiment is a compound of formula IV: 




(IV) 



R 22 X 4 



wherein R 21 is H, NH 2 , NHR 28 , or NR 28 R 29 , wherein each R 28 
and R 29 , independently, is C^g alkyl, C a _ 6 acyl, or 
5 C 2 _ 12 alkyloxycarbonyl; R 22 is H, C x _ s alkyl, (C 6 _ 40 aryl)- 
(C 0 _ 6 alkyl), or (C 3 _ 10 heteroaryl) (C 0 _ 6 alkyl); R 23 is H, 
c i-8 alkyl, or (C 6 _ 40 aryl) (C 0 _ 6 alkyl); R 24 is 

c 3-i6 cycloalkyl, (C 6 _ 12 aryl) (C 0 _ 6 alkyl), 
< c 3-i6 heterocyclic radical) (C 0 _ 6 alkyl), (C 3 _ 1£) heteroaryl)- 

10 (C 0 - 6 alkyl), R 25 (CH-) (C=0)R 26 , R 25 (CH-) (C=S)R 26 , 

R 25 (CH-) (CH 2 )R 26 , or R 25 (CH 2 -), wherein R 25 is C^ 6 alkyl, 
(°6-i2 aryl) (C 0 _ 6 alkyl), (C 3 _ 10 heterocyclic radical) - 
(C 0 _ 6 alkyl), (C 3 _ 10 heteroaryl) (C 0 _ 6 alkyl) , hydroxymethyl , 
-( CH 2)n- A4 -( c H 2 ) m -CH 3 , -(CH 2 ) n (C=0)NH 2 , or - ( CH 2 ) n ( C=0) NH- 

15 ( CH 2>ni CH 3 (wherein A 4 is O, S, SO, or S0 2 , n is 0, 1, 2 or 
3, and m is 0, 1, or 2), or any other side chain of a 
naturally occurring amino acid; and R 26 is H, NH 2 , NHOH, 
C 3-16 heterocyclic radical, C 3 _ 16 heteroaryl, NHR 30 , NR 30 R 31 , 
OR 32 , NR 30 OR 33 , or NHOR 33 , wherein each of R 30 and R 31 , 

20 independently, is C 2 _ 6 alkyl, (C 6 _ 12 aryl) (C 0 _ 6 alkyl), 
( C 3-16 heterocyclic radical) (C 0 _ 6 alkyl), 

(C 3 _ 16 heteroaryl) (C 0 _ 6 alkyl), c 2 _ 14 alkyloxycarbonyl, or 
where R 24 is R 25 (CH-) (CH 2 ) R 26 , any amino-protecting group, 
R 32 is H, Cj.g alkyl, (C x _ 12 acyl) oxy (c 1 _ 12 alkyl), or 
25 (C x _ 12 alkyl) oxy (C!_ 12 alkyl), and R 33 is H, C x _ e alkyl, or 

< c 6-40 aryl) (C 0 _ 6 alkyl); x 4 is =0, =S, or two singly-bonded 
H; 
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y 4 is selected from the following five formulae: 




(vi) 



wherein R 34 is H, halide, hydroxy, alkyl, C 2 _ 6 alkenyl, 

C 2 _ 6 alkynyl, C 1 _ 12 alkoxy, acyloxy, C-^g acyl, 

5 c 6-4i ^Y 1 * c 3-40 heterocyclic radical, C 3 _ 40 heteroaryl, 
c i-i2 alkylsulf onyloxy, C 1 _ 12 haloalkylsulf onyloxy , 
c 6-40 arylsulf onyloxy, or C 6 _ 41 aryloxy; 




(vii) 



wherein R 35 is H, halide, hydroxy, C y _ e alkyl, C 2 _ 6 alkenyl, 
10 C 2 _ 6 alkynyl, alkoxy, C x _ 6 acyloxy, Cj.g acyl, 

c 6-41 ^Y 1 / c 3-40 heterocyclic radical, C 3 _ 40 heteroaryl, 
C i-12 alkylsulf onyloxy, C 1-12 haloalkylsulf onyloxy , 
c 6-40 arylsulf onyloxy, or C 6 _ 41 aryloxy; 




(viii) 



15 vherein R 36 is H, halide, hydroxy, alkyl, C 2 _ 6 alkenyl, 

C 2 _ 6 alkynyl, C^ 12 alkoxy, acyloxy, C^ 6 acyl, 

c 6-4i aryl, C 3 _ 40 heterocyclic radical, C 3 _ 40 heteroaryl, 
C i-12 alkylsulfonyloxy, C 1 _ 12 haloalkylsulf onyloxy , 
C 6 _ 40 arylsulf onyloxy, or C 6 _ 41 aryloxy; 
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pi 



(ix) 



wherein R 37 is H, Cl _ 8 alkyl, (C 6 . 40 aryl) (C 0 . 6 alkyl) , or 
(C 3 _ 10 heteroaryl) (C 0 _ 6 alkyl), (C 3 _ 10 heterocyclic radical) 
(C 0 _ 6 alkyl) ; and 



(X) 



wherein R 38 is H/ Cl _ 8 alkyl, (c 6 _ 40 aryl) (C 0 _ 6 alkyl), 
< c 3-io heterocyclic radical) (C 0 _ 6 alkyl), or 
( c 3-l0 heteroaryl) (C 0 _ 6 alkyl); and Z 4 is 0, S, SO, S0 2 , or 
wherein R 3 * is H# ^ alky ^ ^ 

< c o-6 alkyl) , (C 3 _ 12 heterocyclic radical) (C D _ 6 alkyl), 
(C 3 _ 10 heteroaryl) (C 0 _ 6 alkyl), or c 2 _ 14 alkyloxycarbonyl ; or 
wherein R 38 and NR 39 taken together form a bifunctional 
c 6-40 aryl/ a bifunctional C 3 _ 12 heterocyclic radical, or a 
bifunctional C 3 _ 12 heteroaryl; and R 27 is H; a thiol 
protecting group; or a moiety set forth in the above generic 
formula (IV) vherein R 27 is deleted, said compound being a 
symmetrical disulfide dimer or an asymmetrical disulfide; 
or a pharmaceutical^ acceptable salt thereof. 

Another embodiment of the invention is a compound of 
formula V: 




(V) 
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wherein R 21 is H, NH 2 , or NHR 28 , wherein R 28 is C^_ 6 alkyl, 
Cl _ 6 acyl, or C 2 _ 14 alkyloxycarbonyl; R 23 is H or methyl ; 
R 24 is R 25 (CH-) (C=0)R 26 , R 25 (CH-) (C=S)R 26 , or R 25 (CH 2 -); and 
Y 4 is selected from the following three formulae: 



n 



(Xi) 



(xii) and (xiii) 



wherein Z 4 is O, S, or NR 39 , wherein R 39 is H, alkyl, or 

Cl 6 acyl; or wherein R 38 and NR 39 taken together form a 
bifunctional C 6 _ 40 aryl, a bifunctional C 3 _ 12 heterocyclic 
radical, or a bifunctional C 3 _ 12 heteroaryl. 

Another embodiment is a compound of formula VI: 




H 

4 n (VI) 

o 



wherein R 21 is NH 2 or NHR 28 , wherein R 28 is alkyl, 
C^e acyl, or C 2 _ 14 alkyloxycarbonyl; R 22 is H or alkyl; 
R 24 is C 3 _ 16 heterocyclic radical, C 3 _ 16 heteroaryl, 
R 25 (CH-) (C=0)R 26 , or R 25 (CH-) (C=S)R 26 , wherein R 25 is 
C x 6 alkyl, hydroxymethyl, - (CH 2 ) n -A 4 - (CH 2 ) m -CH 3 , 
-<CH 2 ) n (O=0)NH 2 , or -<CH 2 ) n (C=0)NH(CH 2 ) m CH 3 (wherein A 4 is O, 
S, SO, or S0 2 . n is 0, 1, or 2, and m is 0 or 1) , or any 
other side chain of a naturally occurring amino acid, and 
R 32 is H, C a _ 6 alkyl, or (C^ acyl) oxy (C a „ a2 alkyl); and 
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Y 4 is selected from the following three formulae: 

(XiV) (*v) and (xvl) 

wherein Z< is o, S, or ^ t wherein is H, c a . 6 alkyl, or 
Ci- 6 acyl; or wherein r38 and nr39 taken together ^ g 
5 Afunctional c 6 . 40 aryl , a Afunctional c,.„ heterocyclic 
radical, or a bifunctional C 3 _ 12 heteroaryl. 

Another embodiment is a compound of formula VII: 

T\-A^P/-II» A " (VII) 
R w R2 

wherein X? is o or S; R w is H/ ^ alkyl# ^ ^ ^ 
10 C 2-14 alkyloxycarbonyl; each of R*, R V and R * 

independently, is Cl _ 12 alkyl, c 3 . 12 cycloalkyl, c 6 . 20 aryl, 
(C 6 - 20 aryl)( Cl _ 12 alkyl), or (Cl . 12 alkyl, C C 6 _ 20 aryl,; and 
A is a counter-ion. In certain embodiments, A" is bromide 
15 ^x d ' d y e ' ^ Ch 2 l0ride ' * ? is O; Rw is H or methyl; and each of 
' R ' * ' independently, is (C 6 _ 10 aryl) (c 0 _ 6 alkyl), 

and preferably each of R\ R V, and R * is phenyl . 
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Another embodiment is a compound of formula VIII: 




(VIII) 



wherein: 

R 41 is H, NH 2 , NHR 42 , or NR 42 R 43 , wherein R 42 is 
5 ^.g alkyl, acyl, C 2 _ 14 alkyloxycarbonyl , or any other 

amino-protecting group, and R 43 is alkyl, acyl, 

C 2 _ 14 alkyloxycarbonyl or, when taken together with R 47 , is a 
bifunctional thiol-protecting group; L 8 is halide, hydroxy, 
C 1 . 12 alkoxy, C x _ 12 alkylsulfonyloxy, C 6 _ 20 arylsulf onyloxy , 
10 C 2 _ 12 acyloxy, C 1-12 carbamoyl, or any other activated 

leaving group; A 8 is =0, =S, or two singly-bonded H; R 46 is 
H, NH 2 , NHOH, C 3 _ 10 heterocyclic radical, C 3 _ 10 heteroaryl, 
NHR 44 , NR 44 R 45 , OR 48 , NR 44 OR 45 , NHOR 49 , or any other carboxyl- 
protecting group, wherein each of R 44 and R 45 , 
15 independently, is alkyl, (C 6 _ 12 aryl) (C 0 _ 6 alkyl), 

< c 3-l6 heterocyclic radical) (C 0 _ 6 alkyl) , (C 3 _ 16 hetero- 
aryl) (C 0 _ 6 alkyl), or C 2 _ 14 alkyloxycarbonyl, R 48 is H, 
C^g alkyl, (Ci.^ acyl)oxy(C 1 _ 12 alkyl), (C^;, alkyl)oxy- 
( c i-i2 alkyl) , or any other carboxyl- or hydroxyl-protecting 
2 0 group, and R 49 is H, or C a _ 6 alkyl, provided that where A 8 is 
two singly-bonded H, R 46 is such that the C atom bonded to 
both A 8 and R 46 is bonded to either a N or O atom of R 46 ; 
and R 47 is H; a thiol-protecting group or, when taken 
together with R 43 , a bifunctional thiol-protecting group; or 
25 a moiety set forth in the above generic formula (VIII) 

wherein R 47 is deleted, said compound being a symmetrical 
disulfide dimer or an asymmetrical disulfide. 
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Another embodiment is a compound of formula IX: 



T 9 (IX) 
R 52 

wherein: R 51 is H, NHR 53 , or NR 53 R 5 4, wherein R 53 is H, 
c l-6 alkyl, C 1 _ 6 acyl, C 2 _ 14 alkyloxycarbonyl , or any other 
amino-protecting group, and R 54 is alkyl, C 2 _ 6 acyl, 

c 2-i4 alkyloxycarbonyl or, when taken together with R 57 , a 
bifunctional thiol-protecting group; R 52 is H, alkyl, 
(C 6 _ 40 aryl) (C 0 _ 6 alkyl), or (C 3 _ 10 heteroaryl) (C 0 _ 6 alkyl); 
T is selected from the following four formulae: 

A 9 

<*vii) (xviii) 



(xix) and (xx) 

wherein L 9 is halide, hydroxy, c 1 _ 12 alkoxy, 
c l-l2 alkylsulfonyloxy, C 6 _ 20 arylsulf onyloxy , 
C i-12 acyloxy, C a _ 12 carbamoyl, or any other activated 
leaving group; A 9 is =0, =S, or two singly-bonded H; 
R 56 is H, NH 2 , NHOH, C 3 _ 10 heterocyclic radical, 
C 3-io heteroaryl, NHR 55 , NR 55 R se , OR 59 , NR 55 OR 5B , NHOR 60 , or 
any other carboxyl-protecting group, wherein each R 55 and 
R 58 , independently, is Cl . s alkyl, (C 6 _ 12 aryl) (C 0 . 6 alkyl), 
- 26 - 
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(C 3 -i6 heterocyclic radical) (C 0 _ 6 alkyl) , (C 3 _ 16 heteroaryl)- 
(C 0 _ 6 alkyl), or C 2 _ 14 alkyloxycarbonyl, R 59 is H, alkyl, 
( Cl _ x2 acyDoxyfC^^ alkyl), or (C x . 12 alkyl)oxy- 
( Cl . 12 alkyl), and R 60 is H or alkyl; provided that 

vhere A 9 is two singly-bonded H, R 56 is selected such that 
the carbon atom bonded to both A 9 and R 56 is bonded to 
either a nitrogen or oxygen atom of R 56 ; R 6 is H, 
Cl _ 8 alkyl, (C 6 _ 40 aryl)(C 0 _ 6 alkyl), or (C 3 _ 10 heteroaryl)- 
(C 0 _ 6 alkyl); and R 57 is H; a thiol-protecting group or, 
taken together with R 5 \ a bifunctional thiol-protecting 
group; or a moiety set forth in the above generic formula 
(IX) wherein R 57 is deleted, said compound being a 
symmetrical disulfide dimer or an asymmetrical disulfide. 
Another embodiment is a compound of formula X: 



R 



(X) 



wherein: T 10 is selected 



(xxi) 



from the following three formulae: 



(xxii) 



R 

R 1 



(xxiii) 



wherein L 10 is halide, C a .„ alkoxy, Cl „ 12 alkylsulf onyloxy , 
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C 6 -20 arylsulfonyloxy, acyloxy, Cl _ 12 carbamoyl, or any 

other activated leaving group; R« is H# ^ nhr67 Qr 
NR 67 R 68 , wherein R* 7 is c x . 6 alkyl, Cl . 6 acyl, C 2 _ 14 
alkyloxycarbonyl or any other amino-protecting group, and 
R is c x _ 6 alkyl, c 1-6 acyl, c 2 _ 14 alkyloxycarbonyl or, when 
taken together with R 6 \ a Afunctional thiol-protecting 
group; r" is H; a thiol-protecting group or, when taken 
together with R«, a bifunctional thiol-protecting group; or 
a^oiety set forth in the above generic formula (X) wherein 
R is deleted, said compound being a symmetrical disulfide 
dimer or an asymmetrical disulfide; R 66 i s H , alkyl, 
(C 6 - 40 aryl) (c 0 . 6 alkyl) , or C 3 _ 10 heteroaryl) (C 0 _ 6 alkyl) ;' 
R is H, NH 2 , NHOH, C 3 _ 10 heterocyclic radical, 
c 3-10 heteroaryl, NHR 69 , NR 69 R 70 , OR 71 , NR 69 OR 70 , NHOR 72 , or 
any other carboxyl-protecting group, wherein each of R* 9 and 
R , independently, is Cl _ 6 alkyl, (C 3 _ 16 heterocyclic 
radical) (C 0 . 6 alkyl), or (C 3 _ 16 heteroaryl) (C 0 _ 6 alkyl), R™ 
is H, C a _ 6 alkyl, ( Cl _ 12 acyl) oxy (C A _ 12 alkyl), or 
(C^ 12 alkyl) oxy ( Cl _ 12 alkyl), and R 72 is H or C a 6 alkyl; 
provided that where A 10 is two singly-bonded H, r" is 
selected such that the carbon atom bonded to both A 10 and 
R 3 is bonded to either a nitrogen or oxygen atom of R 63 ; 
A 10 is O, S, or two singly-bonded H; and R 62 is H, 
C x _ e alkyl, (C 6 _ 40 aryl)(c 0 _ 6 alkyl), (c 3 _ 10 heterocyclic 
radical) (C 0 . 6 alkyl), or (C 3 . 10 heteroaryl) (C 0 _ 6 alkyl); and 
2 is O, S, SO, S0 2 , or NR 73 wherein R 73 is H, Cl _ 6 alkyl, 
Ca-e acyl, (c 6 _ 40 aryl)(C 0 _ 6 alkyl), (C 3 _ 10 heteroaryl)- 
(°o-6 a l^yl)/ or C 2 _ 14 alkyloxycarbonyl. 
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Another embodiment is a compound of formula XI: 

(XI) 



wherein: T 11 is selected from H-(C=0)-, H- (C=0) -CH (R 76 ) - , 



R 76 

(xxiv) and (xxv) 

wherein R 75 is H, NH 2 , NHOH, C 3 _ 16 heterocyclic radical, 

C 3 _ 16 heteroaryl, NHR 81 , NR 81 R 82 , OR 83 , NR 81 OR 82 , NHOR 84 or any 

other carboxyl-protecting group, wherein each R 81 and R 82 , 

independently, is C a _ 6 alkyl, (C 6 _ 12 aryl) (C 0 _ 6 alkyl) , 

(C 3 _ 16 heterocyclic radical) (C 0 _ 6 alkyl) , or 

(C 3 _ 16 heteroaryl) (C 0 _ 6 alkyl), R 83 is H, C x _ 6 alkyl, 

(C x _ 12 acyl)oxy(C w2 alkyl), or (C x _ 12 alkyl)oxy- 

(Cl _ 12 alkyl), and R 84 is H, or C y _ 6 alkyl; R 76 is H, 

Cl _ 8 alkyl, (C 6 _ 40 aryl)(C 0 _ 6 alkyl), or 

(C 3 10 heteroaryl) (C 0 . 6 alkyl) ; R 77 is H; a thiol-protectxng 
group or, when taken together with R 80 , a bifunctional 
thiol-protecting group; or a moiety set forth in the above 
generic formula (XI) wherein R 77 is deleted, said compound 
being a symmetrical disulfide dimer or an asymmetrical 
disulfide; R 78 is H, NH 2 , NHR 79 , or NR 79 R 80 , wherein R 7 is 
Cl 6 alkyl, C^e acyl, C 2 . 14 alkyloxycarbonyl or any other 
amino-protecting group, and R 80 is Cl . 6 alkyl, C a _ 6 acyl, 
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C 2 _ 14 alkyloxycarbonyl or, when taken together with It" a 
bafunctional thiol-protecting group; L 11 is halide, ' 
Ci-12 alkylsulfonyloxy, c 6 _ 20 arylsulf onyloxy , 
C 2 _ 12 alkylcarbonyloxy, or any other activated leaving 
group; yil is selected from the follow±ng three formulae: 

^^^^yC (XXVi) 



wherein R as is „, halide , hydroxy< 

C 2 - 6 alkynyl, Cl _ 12 alkoxy, c,., acyloxy, c, 6 acyl! 
C 6 -4i aryl, C 3 _ 40 heterocyclic radical, c 3 _ 40 heteroaryl, 

alkylsulfonyloxy, Cl . la haloalkylsulf onyloxy , 
C 6 -40 arylsulf onyloxy, or c 6 _ 41 aryloxy; 




(xxvii) 



wherein h- is H, halide, hydroxy, c M alkyl, c 2 . 6 alkenyl, 
C 2 . 6 alkynyl, Cl . 12 alkoxy, Cl _ 6 acyloxy, c a . 6 acyl, 
C 6 -4i aryl, c 3 _ 40 heterocyclic radical, C 3 _ 40 heteroaryl, 
Ci-„ alkylsulfonyloxy, Cl .„ haloalkylsulf onyloxy , 
c 6-40 arylsulfonyloxy, or c 6 . 41 aryloxy; and 



(xxviii) 



wherein is H, halide, hydroxy, c M alkyl, c 2 _ 6 alkenyl, 
C 2 . 6 alkynyl, Cl _ 12 alkoxy, c 2 _ 6 acyloxy, Cl _ 6 acyl, 
C 6 -4i aryl, c 3 _ 40 heterocyclic radical, C 3 . 40 heteroaryl, 
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Cl _ 12 alkylsulf onyloxy, C wa haloalkylsulf onyloxy , 
C 6 _ 40 arylsulf onyloxy, or C 6 _ 41 aryloxy; and 
A 11 is O, S, or two singly-bonded H. 

Another embodiment is a compound of formula VIII, 
5 wherein R« is B. NH 2 , NHR 42 , or NR 42 R 43 , wherein R is 

C, 6 alkyl, Cl _ 6 acyl, C 2 _ 14 alkyloxycarbonyl, or any other 
amino-protecting group, and R 43 is Cl . 6 alkyl, Cl _ 6 acyl, 
C, nA alkyloxycarbonyl or, when taken together with R , is a 
birunctional thiol-protecting group; L« is halide, hydroxy, 
10 C, 7 alkoxy, Cl _ 7 alkylsulfonyloxy, C 6 _ 12 arylsulf onyloxy , 
Cl " 12 acyloxy, C a _ 12 carbamoyl, or any other activated 
leaving group; A* is =0, -8, or two singly-bonded H; R 4 < is 
H, NH 2 , NHOH, C 3 _ 10 heterocyclic radical, C 3 . 10 heteroaryl, 
NHR 44 , NR 44 R 45 , OR 48 , NR 44 OR 45 , NHOR 49 , or any other .carboxyl- 
15 protecting group, wherein each of R 44 and R 45 , 

independently, is Cl _ 6 alkyl, (C 6 _ 10 aryl) (C 0 _ 3 alkyl), 
(C 3 10 heterocyclic radical) (C 0 _ 3 alkyl), or (C 3 _ 10 hetero- 
aryl) (C 0 , alkyl), R 4B is H. C a _ 6 alkyl, ( Cl _ 7 acyl)oxy- 
( Cl 6 alkyl), ( Cl _ 6 alkyl) oxy( Cl _ 6 alkyl), or any other 
20 carboxyl- or hydroxy 1-protecting group, and R is H or 

Cl 6 alkyl, provided that where A* is two singly-bonded H, 
r 4 * is such that the C atom bonded to both A and R xs 
bonded to either a N or 0 atom of R 46 ; and R 47 is H; 
a thiol-protecting group or, when taken together with R , 
25 a bifunctional thiol-protecting group; or a moiety set forth 
in the above formula (VIII) wherein *« is deleted, said 
compound being a symmetrical disulfide dimer or an 
asymmetrical disulfide. 

Another embodiment is a compound of formula IX, 
30 wherein R« is H, NHR 53 , or NR^R 54 , wherein R* is H, 

Cl 6 alkyl, Cl _ 6 acyl, C 2 _ 14 alkyloxycarbonyl, or any other 
amino-protecting group, and R 54 is Cl _ 6 alkyl, Cl _ 6 acyl, 
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C,. 7 carbanoyl.or any other activated leaving group . A 9 ia 
-o. Hi or two singiy-bonaea H; »« is „, N „ 9 , ^ 

• g - up . Mhe 0 * el ; ™° h R R *s^:vn e nV a T yl - protectln9 

and R / independently, is 
ra'aicalwc' alk" ^ <C °- 3 ^ ' < C 3-,o neterocyclic 

'ana^oTiTr'?- S^' « 
-re * is two singiy-bonaea".^ TlllZlZ^Z, 

"IZTnC bonded to both A9 ana R " is — t " 

C ,* , nltr ° 9e " ° r ° x ^ en •*«- of »», ana R« is „ 

together „i«, RS. a H b '. f a "l" 1 ^-"^ 9roup or. taken 
a Liety ^forth . 'rt™ 1 *"^-P-te=ti„ g 9 roup; or 
deieted slVl Y (IX) Wherein R " ^ 

™ bei "9 a symmetrical disulfide aimer. 

vherei„r" r h :; :: lm r is lk a c ™ ° f — *• 

C 6 - 10 aryisuiiony^y,' £ acyZ' 

1-7 ac y iox y/ C 1-7 carbamoyl, or anv 

S. act v r a le 6 r in9 9roup; r65 is ». ™- or any 

o^carhC or "any o h S r" ^ ^ ^ ^ 

c/. >W C T a " ln0 -^«-«" 9 .roup, ana «» is 

together watt "^^arhony! or. when taken 

gether watt * «, a Afunctional thiol-protecting group; 
with a ^° l -P-teoting group or, when taken together 

~t fortt in th v."" 1 ^-^^ »roup; or a moiety 
forth rn the above generic formula (X) wherein R« 
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deleted, said compound being a symmetrical disulfide dimer 
or an asymmetrical disulfide; is H. C M 

,C. 20 aryl,<c 0 _ 3 alkyl,. or (C 3 _ 10 heteroaryl, (C 0 _ 3 alKyl) . 
K" is H. NH 2 , NHOH . C 3 _ J0 heterocyclic radical. 
5 c J heteroaryl, NHR«. or". nr«or'°, HHOr". or 

another carboxyl-protecting group, wherein each of R and 
,70. independently, is C x _ alkyl. <C 3 . 10 , 
radical) (C 0 . 3 alkyl) , or (C 3 . 10 heteroaryl) (C 0 _ 3 alkyl) , 
is H, C,_ 6 alkyl, IC M acylJoxyCC^ alkyl), or 
10 alkyl. oxy< Cl . 6 alkyl,. and f » i« » ~ 

provided that where A is two singly-bended H. R is 
Llected such that the carbon atom bonded to both »» and 
r« is bonded to either a nitrogen or oxygen atom of R . 
and R« is H, C^e alkyl, (C 6 _ 20 aryl) (C 0 _ 3 alkyl) , 
is (C. ,„ heterocyclic radical) (C 0 _ 3 alkyl), or 

15 c " he t eroar yl)( C 0 . 3 alkyl) , an, .» is 0. .. SO, SO or 
^wherein R- is H, alkyl. C,.. acyl, (C 6 . 20 aryl,- 

(C 0 . 3 alkyl) , (C 3 _ 10 heteroaryl) (C 0 „ 3 alkyl) , or 
C, alky loxy car bony 1. 

Another embodiment is a compound of formula XI. 
uhprein . R 75 is H , NH 2 1 NHOH, C 3 _ 10 heterocyclic radical, 
vherexn. R « h. a . a 8 i OR 8 2f n „ OR b« or any 

C heteroaryl, NHR , NR R , ok 

other carboxyl-protecting group, wherein each R and r . 
independently, is Cl . 6 alkyl. (C 6 . 10 aryl) (C 0 . 3 alkyl). 
,C, ,„ heterocyclic radical) (c„_ 3 alkyl) . or 
? 3 To heteroaryl, <C 0 . 3 alkyl,. R» is H. C 3 . 6 
C. acyDoxy.c^e alkyl). « («*-. alkyl)oxy(C . alkyl). 
and R 8 * is H. or c 3 . 6 alkyl; »~ is H. c M alkyl, 
fC aryl) (C 0 3 alkyl) . or (C 3 . 10 heteroaryl) (C 0 _ 3 alkyl) , 
r"Ts hTs thi"ol- P rotecting group or. when taken together 
with R°° a bifunctional thiol-protecting group; or a moiety 
r t fortn in the above formula (XI, wherein £ is deleted, 
said compound being a symmetrical disulfide dimer, R 



20 
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NH 2 , NHR 79 , or NR 79 r80 . ,g 

* , oxr imk r , wherein R 79 i s r, , aiv,,! - 

5 r "7 9roup; l " is ha " de - c - 

C,-, alkylsulfonyloxy, c 6 . 10 arylsulf onyloxy , 

» <~ r >, c 6 _ 20 aryl . ^ ^J^S-^iS XY ' 

v^7;. " arylsulf ° n y 10 ^. or c 6 . 20 aryloxy . 

20 can L ' 3 Cl - 6 alkyl (to fo ™ "> ester, or *« 

H*TcH , Ten Carb ° Xy ^.cting g roup. Where ^ L 

if 5 "fcf — i- not poss ibIe , although 

ThTs bS ^ "^-Protecting group 

This invention is based, in cart ™ +>, *. 9roup * 

inhibit „ a . xea ' these compounds 
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D. Synthesis 

The invention also relates to methods of making the 
compounds disclosed herein. Schemes I-XI are synthetic 
pathways that have been used to make compounds PD331; PD331; 
5 R030D; PA041; PA091; PE021; PTOll; PM061; R012M; PM031 and 
PM121; and R031M, respectively. These synthetic pathways 
can easily be modified by an organic chemist of ordinary 
skill to make the other related compounds disclosed herein. 

One aspect of this invention is a method of making 
10 the disclosed compounds via any of the disclosed 

intermediates. These intermediates include synthetic 
intermediates (e.g., R007D, R011D, R019D, R020D, R023D, 
R029D, R003E, R005E, R004T, R003M - R006M, R017M, R025M, and 
R027M); partially-protected therapeutic compounds (e.g., 
15 R006A, R004A, R003A, R012A, R014D, and R023M) ; fully- 
protected therapeutic compounds (e.g., R024D, R007E, R001A, 
R007T, R013D, and R018M) ; and the disclosed Mittig reagents 
(e.g., R012M). The intermediates and inhibitor compounds of 
the invention can also be made by other methods known or 
20 easily developed by those in the art. 

In another aspect of the invention , the 
intermediates disclosed herein (e.g., Wittig reagent R012M 
and related compounds) are used in a method of making 
compounds (particularly but not limited to inhibitors of 
25 isoprenyl transferases) which are not disclosed herein. 

Synthetic experimental details and/or 400 MHz H NMR 
data are provided below in Examples 1-175 for over 95 
inhibitor compounds which have been prepared. The number of 
inhibitor compounds does not include the many corresponding 
30 partially- and fully-protected intermediate compounds of the 
invention. 
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Scheme I 
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x 5 l 



CHO Ni(COD) 2 , CrClj, THF 



X 

f 

BOC 



I. CH 2 CI 2 



R017D 

iPrCu(CN)MgCI • BF 3 . -78° 



v s/ | Dess-Martin Periodinane, V 
N-^^ CH0 : H- 



R020D 
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H BOC 
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Scheme III 
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Scheme IV 
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Scheme V 
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X 
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Scheme VII 
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Scheme VIII 
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Scheme IX 
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Scheme XI 
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B. In vitro and in vivo data demonstrating utility 

Ras proteins mediate the transformation of normal 
cells to cancer cells in many human cancers. Before 
becoming membrane associated and fully functional, ras 
5 proteins require post-translational processing. Compounds 
which inhibit prenylation will, therefore, inhibit the 
growth of ras-related cancers. 

Compounds of the invention were screened in four 
art-accepted in vitro assays. First, each of over 60 tested 
10 inhibitor compounds was shown to inhibit FTase-mediated 
prenylation (Table 1) . Second, each of over 60 tested 
compounds was shown to inhibit GGTase-mediated prenylation 
(Table 1) . Third, each of over 60 tested compounds was 
shown to inhibit ras protein processing in whole cells 
15 (Table 2) . Clearly, the compounds of the invention inhibit 
the prenylating activity of FTase, GGTase , or in most cases, 
both enzymes, with different potencies. 

Furthermore, the compounds of the invention inhibit 
the anchorage- independent growth of ras-related tumor cell 
20 lines. For example, PD331 was shown to inhibit the growth 
of five tumor cell lines (Table 3). HT1080 is a 
neurofibrosarcoma with a N-ras mutation. MIApaca-2 is a 
pancreatic carcinoma and Sw620 is a colonic carcinoma; each 
of these has a K-ras mutation. T2 4 is a bladder carcinoma 
25 with a H-ras mutation; and zHl is a H-ras-transf ormed 

NIH/3T3 mouse fibroblast. Additional compounds have been 
tested and have yielded positive results in these organ- 
specific or ras-protein specific anchorage-independent tumor 
cell models. 

30 More importantly, an in vivo experiment demonstrated 

that compound PD331 effectively inhibited the growth of ras- 
associated tumors in mice (Table 4). The results of a 
second in vivo experiment demonstrated that another compound 
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(PM061) effectively inhibited the growth of ras-associated 
tumors in mice (Table 5) . 

Thus, the ability of the compounds of the invention 
to inhibit protein processing has been demonstrated in three 
separate in vitro assays. The ability of the compounds of 
the invention to inhibit ras-related cancer growth has been 
demonstrated in an in vitro assay and two separate in vivo 
experiments. The compounds of the invention are effective 
inhibitors of ras-related cancers. 

A*- Inhibition Of FTase and QGTase Prenvlatinn 

The ability of the disclosed inhibitor compounds to 
inhibit FTase was measured according to a published 
prenylation assay (Moores et al., j. Biol. chem. 266:14603 
(1991) . Partially purified FTase with 3 fM recombinant H- 
ras and 440 nM [ 3 H]FPP (FTase) were used. The inhibitors 
were diluted in assay buffer, and each assay mixture was 
incubated 15 min. at 37 -c. Where inhibition of GGTase was 
measured, partially purified GTTase with 5 fM recombinant 
H-ras (61L, CAIL) and 1 jiM [ 3 H] geranylgeranyl diphosphate 
were used. 

The ic 50 (concentration of compound needed to cause 
50% inhibition) values are presented in Table l. Nanomolar 
concentrations of the indicated compounds were sufficient to 
inhibit farnesylation of ras proteins in vitro. For 
screening candidate compounds useful for the treatment of 
ras-associated tumors, the FTase assay is preferred. One 
embodiment of the invention selectively inhibits FTase. 
Substitutions which confer GGTase specificity as taught 
herein also produced potent inhibitors of GGTase. 
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TABLE 1 



5 



10 



15 



20 



25 



Compound 


IC 50 
FTase 


MM 

GGTase 




Compound 


* w 50 
FTase 


GGTase 


PA011 


0.140 


11.0 




PD421 


0.57 


3.4 


PA021 


0.028 


7.1 




PD431 


0.006 


1.08 


1 PA031 


0.0036 


0.215 




PD441 


0.026 


0 . 17 




0.0025 


0.056 




PD451 


0.146 


1.11 


PA051 


0.020 


0.076 




PE011 


0.043 


1.030 


PA061 


0.0021 


0.048 




PE021 


0.009 


0.092 


_PA071 


0.022 


0.5 




PE031 


0.020 


0.14 


IPA081 


0. 102 


2.66 




PE041 


0.027 


0.160 


|| PA091 




2.38 




PE051 


0.29 


2.30 


PA101 


0,170 


1.30 




PE061 


0.060 


6.30 






0.27 




PMOll 


1.13 


1.6 


PA121 


0.015 


0.38 




PM012 


0.002 


0.520 


PA131 


0.028 


1.8 




PM021 


0.017 


0 ' 075 


PA141 


0.095 


0.880 




PM022 


0. 018 


0,130 


PD012 


0.03a 


0.62 




PM031 


0.115 


1,40 


PD022 


0.0052 


3.065 




PM032 


0.093 


6.59 U 


PD032 


0.45 


2.86 




PH041 


0.18 


1-4 1 


PD042 








PM042 


3.1 


0.32 A 


I! PD052 


2.81 


8.05 




PH051 


0.00085 


1.55 | 


PD062 


0.2 


1.76 




PM052 


0.0003 


0.19 


PD072 


0.042 


0.68 




PM061 


0.007 
(12) 


0.144 

(3) 


PD082 


1.57 


>10 




PM062 


0.009 


0.42 


PD092 


0.052 


3.2 




PM071 


0.71 


0.95 


PD102 


0.394 


>10 




PM072 


0.16 


3.96 | 


PD112 


2.22 


8.05 




PM081 


0.17 


1.68 


| PD122 


0.003 


| 0.010 




PM082 


| 0.03 


0.148 || 
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PD132 


0.245 


4.77 




PM091 


0.002 


>1.0 




PD142 


0.042 


2.12 




PM092 


0.215 


3.50 




PD152 


0.023 
(12) 


0.044(5) 




PM101 


0.024 
(8) 


0.793 
(3) 




PD162 


0.26 


4.57 




PHI 02 


0.29 


4.85 


5 


PD172 


0.007 


0.75 




PM111 


0.024 


0.246 




PD182 


<0.001 


0.0633 
(4) 




PM112 


0.0012 


1 . 66 




PD192 


0.296 


2.99 




PM121 


0.022 


1.72 




PD202 


0.017 


1.12(3) 




PM122 


0.003 


2 . 2 




PD212 


0.003 


0.0045 




PM131 


0.605 




10 


PD222 


0.71 


3.04 




PM132 


0.119 


1. 63 




PD301 


0.002 


0.0037 




PM141 


0.0001 


0. 016 




PD311 


0.069(6) 


0.57 




PHI 4 2 


0.008 


0. 072 




PD321 


0.025 


0.014 




PHI 51 


0.605 


3.87 




PD331 


0.011 
(22) 


0.013 
(ID 




PH152 


0.038 


0.270 


15 


PD341 


0.0002 


0.0076 




PHI 61 


0.0009 


2.14 




PD351 


0.32 


2.49 




PH162 


0.0018 


0.12 




PD361 


0.0001 


0.016 




PH172 


0.056 


0.123 | 




PD371 


0.038 


0.112 




PH182 


0.017 


0.52 | 




PD381 


0.080 


0.0710 




PH192 


0.280 


3.79 | 


20 


PD391 


0.0290' 


0.0550 




PH202 


0.016(2) 


7.42(2) | 




PD401 


0.028 


1.40 




PH212 


0.056 


1.84 | 




PD411 


0.56 


8.4 




PT011 


0.043 


0.638 | 
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^ T ^ihitiion of PrenvlRtion in Whole CejUs 
The ability of compounds of the invention to inhibit 
H-ras f arnesylation and rapl geranylgeranylation in whole 
cells was determined. H-ras (61L) transformed NIH3T3 
fibroblasts were generously provided by C. Der, Univ. N. 
Carolina. These fibroblasts were treated for 24 h with 
50 MM lovastatin (control) or the indicated concentrations 
of inhibitor. The cells were lysed in 1% NP-40, 5 mM Tris- 
HC1 (pH 8.0) f 5 mM EDTA, 0.1 mM N-tosyl-L-phenylalanine 
chloromethyl ketone, 0.1 mM N-tosyl-L-lysine chloromethyl 
ketone, and 1 mM phenylmethylsulfonyl fluoride. The lysate 
was centrifuged (15000 x g, 5 min.) and the supernatant was 
used as a cell extract. Total protein was separated by SDS- 
PA6E in 15% acrylamide gel. After transfer to IMMOBILON P« 
membrane (Millipore) , the blots were probed with IA069 mouse 
monoclonal antibody to H-ras (Quality Biotech), or rabbit 
polyclonal antibody to rapl/Krev (Santa Cruz Biotechnology) . 
All Western blots were developed using ECL chemiluminescent 
reagents (Amersham) . 

The IC S0 values for H-ras are presented in Table 2. 
Sub-micromolar concentrations of the indicated compounds are 
sufficient to inhibit • f arnesylation of ras proteins in whole 
cells, in contrast, inhibition of geranylgeranylation of 
rapl required compound concentrations in excess of 100 mM 
(data not shown) . Thus, many compounds of the invention 
inhibit f arnesylation more specifically than 
geranylgeranylation. 
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TABLE 2 





H-ras XC^ n pM 




Anal ° q 


1 n 

H-ras IC, n |iM 


PAOia* 


JLi 




PD441 


4.2 


_PA021 


_0 i p8 




PD451 


0.4 


PA031 







PE011 


0. 01 


1 PA041 


_3 1 5 




PE021 


0.28 


PA0S1 


1.9 




PE031 


0.33 


PA061 


0. 58 




PE041 


0.19 


PA071 


3.1 




PE051 


0.11 


PA081 


0.025 




PE061 


1.1 


PA091 


0.1 




PM011 


>100 


PA101 


0.24 




PM012 


2.7 


PA111 


0.13 




PM021 


2.1 


PA121 


0.58 




PH022 


13.1 


PA131 


0.039 




PH031 


25 


PA141 


0.017 




PH032 


19.5 ! 


PD012 


72 




PM041 


2.3 


PD022 


0.4 




PM042 


>500 










23 . 5 


PD042 


1.95 




PH052 


2.6 


PD062 


21 




PM061 


4.8 


PD072 


7.4 




PH062 


0.36 


PD092 


0.78 




PM071 


>100 | 


PD102 


75 




PM072 


2.4 


PD112 


193 




PM081 


23.4 


PD122 


0.4 




PH082 


21 


PD132 


2.6 




PM091 


474 


PD142 


7.3 




PH092 


2.7 
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I! PD152 


0.32 




PM101 


14.6 


1 PD162 


326 




PH102 


26 


PD172 


13.1 




PM111 


>100 1 


II PD182 


2.8 




PM112 


4.0 


5 


PD192 


0.18 




PM121 


23.4 




PD202 


1.95 




PM122 


23.4 




PD212 


0.11 




FH131 


>250 




PD222 


>50 




PM132 


1.6 




PD301 


4.5 




PM141 


9.7 


10 


PD311 


0 . 1-1 




PH142 


1.1 




PD321 


0.1-1 




PM151 


2.9 




PD331 


0.4 




PM152 


40. 3 




FD341 


0.29 




PM161 


18.9 




PD351 


3.3 _j 




PH162 


13.1 


15 


PD361 


3.5 




PM172 


>100 




PD371 


0.09 




PM182 


2.7 




PD381 


-1 




PK192 


0.23 




PD391 


16.4 




PM202 


1.2 




PD401 


0.1-1 




PM212 


-2,045 _ 


20 


PD411 


0.22 




PT011 


^ 1 




PD421 


1.90" 









- 53 - 



WO 95/25086 



' PCT/US95/03387 



£*. Inhibition of Anchoraae-T ndependent 

Tumor Cell Growth 
Five tumor cell lines were seeded at 600 cells/well 
(12-well plates) in 0.6 mL of 0.3% Noble agar in culture 
5 medium over a bottom agar layer (0.5% Noble agar in culture 
medium) . The culture medium was Dulbecco's modified Eagle's 
medium (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan), 
supplemented with 10% heat-inactivated calf serum (GIBCO, 
Grand Island, NY). A 10 mM stock solution of inhibitor 
10 compound PD331 in DMSO was diluted with culture medium to 3x 
the final concentration and 0.6 mL of the diluted inhibitor 
solution was overlayed on each well. Controls contained the 
same amount of DMSO as inhibitor samples. Plates were 
incubated at 37 «c in 5% C0 2 for 14 days. Colonies were 
15 counted by replacement of the overlaying medium with 0.6 mL 
of 2 mg/mL MTT in PBS, incubation for 30 min, and 
quantitation of scanned photographs. IC 50 concentrations 
for each cell line are shown below in Table 3. 



25 



Cell Line 




HT1080 




MIApaca-2 


19 


i SW620 


22 


1 T24 


0.3 


1 ZHl 


0.6 
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Tnh-ibition of human tumor xenograft in mice 
H-ras (61L) transformed NIH3T3 fibroblasts were 
grown in Dulbecco's modified Eagle's medium supplemented 
with 10% heat- inactivated calf serum. 100 U/mL penicillin, 
5 100 M9/mL streptomycin, and 0.75 mg/mL G418 (GIBCO) and 
incubated at 37 °C in 5% C0 2 . Cells were harvested from 
exponential-phase maintenance cultures (T-225 cm 2 culture 
flasks, Corning Inc., Corning, NY) with trypsin-EDTA 
(GIBCO) , centrifuged at 160 x g for 5 min, washed once with 
10 10 mL cold Hank's balanced salt solution (HBSS, GIBCO), and 
resuspended at a concentration of 1 x 10 6 cells/xnL. 

Five week old female athymic nude mice were obtained 
from SLC (3371-8, Kotoummachi, Hamamatsu-shi , Shizuoka 431- 
11, Japan) and maintained under pathogen-free conditions. 
15 The mice were subcutaneous ly injected in the lateral flank 
with 1 x 10 s H-ras transformed cells/mouse. 

Inhibitor compound FD331 was suspended in saline 
containing 2% Tween-80 in a total injection volume of 
0.2 ml*. Two dosage concentrations were prepared, 
20 0.3 mg/mouse or 1.0 mg/mouse. Compound FD331 was 

subcutaneously injected daily at the site of tumor cell 
implantation for 5 consecutive days, starting approximately 
8 h after the implantation (day 0). The control group was 
injected with vehicle only. Body weight and tumor 
25 dimensions were measured at days 7, 10, and 14. Tumor 

volume was estimated by the following calculation: tumor 
volume - (0.5) (length x width x width) . At day 14, each 
mouse was euthanized with C0 2 (g) , and each tumor was excised 
and weighed. The statistical significance was estimated by 
30 the Student's T-test. Final tumor volumes are presented in 
Table 4 . 
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Sample 


Dosage 


Tumor volume (/tl) 


T/C(%) | 
Volume 


Control 


vehicle 


1634.40±527.93 


100 I 


PD331 


0.3 mg/mouse 


871.28+526.90 


53.3 I! 


PD331 


1.0 tng/nouse 


269.55+292.95 


.16.5 || 



Compound PD331 has a significant effect on H-ras 
tumor growth in mice. At every concentration, both the 
weight and the volume of the tumors from the treated group 
were less than the weight and volume of tumors from the 
control group. These data clearly demonstrate that the 
compounds of the invention inhibit the formation and growth 
of in vivo tumors caused by the ras oncogene. 

inhibition of human tumor venotrraff S» 
The same in vivo experiment as Example D above was 
performed, using compound PM061. Instead of 0.3 mg/mouse 
and l.o mg/mouse, three injection concentrations were 
prepared (0.5 mg/mouse, 1.0 mg/mouse, and 2.0 mg/mouse). 
Body weight and tumor size were measured at days 7, io, and 
15. Tumors were excised at day 15. Final tumor volumes are 
presented in Table 5. 

Compound PM061 had a significant effect on H-ras 
tumor growth in mice. An injection of 2.0 mg of compound 
PM061 decreased the tumor volume to 53.2% of the tumor 
volume in the control mouse. These data clearly demonstrate 
that the compounds of the invention inhibit the formation 
and growth of in vivo tumors caused by the ras oncogene. 
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5 



sample 
Control 
PM061 
| PM061 
1 PM061 


TABL 

Dosage 

vehicle 
0.5 ma /mouse 

2-0 ma /mouse 


E S 

Tumor volume (Ml) 
2613.6+462.8 
2360.4+645.0 

2660.3+756.4 

1400.6+703.2 


T/C(%) ft 
volume 

100 
90.3 
101.8 

53.6 



Use 



" The disclosed compounds are used to treat ras- 
• Z tutors in mammals, and particularly humans. The 
associated tumors in mamma tuiaor s or other 

X0 disclosed compounds axe . so used « ^ such as 

and others Known to those in the art of drug 
compounds of the invention oan be ^ ula "' ^ 
20 pharmaceutical compositions ^ ana 

pharmaceutical^ acceptable non toxic P on 
cerriers. A pharmaceutical cempo srtx °" °< and/ or may 

contain more the, -ne ^ompound of the^ ^ ^ 
also contain other therapeu^ a „ 4ants Another aspect 

25 to e invention, such » " 

of the invention is a packaged arug, indiv idual 
p^rmaceutical composition « t^inlstration. 
oosages and printed instructxons f or -U ^ 
compounds of the invention ******* form of 
30 in parenteral administration, particularly 
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solutions or liquid suspensions; for oral administrations, 
particularly in the form of tablets or capsules; -or 
intranasal^, particularly in the form of powders, gels 
oily solutions, nasal drops, aerosols, or mists, a compound 
of the invention may be administered in unit dosage form 
and may be prepared by any of the methods well known in the 
Pharmaceutical art, for example, as described in Remington's 
Pharmaceutical Sciences (Mack Pub. Co., Easton, pa, 1980). 

Formulations for parenteral administration may 
contain as common excipients sterile water or sterile 
saline, polyalkylene glycols such as polyethylene glycol, 
oils of vegetable origin, hydrogenated naphthalenes, and the 
like. controlled release of a compound of the invention 
may be obtained, in part, by use of biocompatible, 
biodegradable polymers of lactide, and copolymers of 
lactide/glycolide or polyoxyethylene/polyoxypropylene. 
Additional parental delivery systems include ethylene-vinyl 
acetate copolymer particles, osmotic pumps, implantable 
infusion systems, and liposomes. 

Formulations for inhalation administration contain 
lactose, polyoxyethylene-9-lauryl ether, glycocholate , or 
deoxycholate. Formulations for buccal administration may 
include glycocholate; formulations for vaginal 
administration may include citric acid. 

The concentration of a disclosed compound in a 
Pharmaceutical^ acceptable mixture will vary depending on 
several factors, including the dosage of the compound to be 
administered, the pharmacokinetic characteristics of the 
compound (s) employed, and the route of administration, in 
general, the compounds of this invention may be provided in 
an aqueous physiological buffer solution containing about 
0.1 to 10% w/v of compound for parenteral administration. 
Typical dose ranges are from about o.l to about 250 mg/kg of 
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body weight per day, given in 2-4 divided doses. Each 
divided dose may contain the same or different compounds of 
the invention. The dosage will be an effective amount 
depending on several factors including the type and extent 
of cancer metastasis, the overall health of a patient, and 
the formulation and route of administration of the selected 

C ° BPOUn without further elaboration, it is believed that one 
skilled in the art can, based on the description herein, 
utilize the present invention to its fullest extent. The 
following specific examples are, therefore, to be construed 
Merely a! illustrative, and not limitative of 
of the disclosure in any way whatsoever. Publications 
mentioned herein are hereby incorporated by reference. 
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Example l 

Synthesis of hl^shsls BfifiSB 

87 M i A M S ° 1Ution of DIB AL in hexanes (87 mL 

s u\7* 3 w :v dded dropwise to a soiuti ° n - 

i-triJx ! r ' fr ° a -^-sation of „-boc 

hydrochloride using hydroxybenzotria 2 ole hydrate [HOBTl 
dicyclohexylcarbodiimide rocci and « *w , fHOBT] , 

in dittethylformamide [D MP n^'a £ h 7 lffl ° rph ° lin « 

The reaction ]) a^^ous toluene (230 mL) . 

The reaction mxxture was stirred at -78 -c for 30 min 
quenched with methanol (80 mL) and th e n ! 
room temp, saturate allowed to warm to 

(100 SatUrated a ^ous sodium potassium tartrate 

stll^ ******** and th « resulting two-phase mixture 
stirred rapidly at room temp for 45 min. CEL1TE* was added 
the mixture was filtered through a pad of celite* and t hi 
filter pad then was washed well with ethvi I V 

combined organic phases were dried with hrino „ < ! 
Moso. fjitor^ Wltn brine, dried over 

rrr:rrr;«r r"~ two ^ with 

•ldehyde. " th " P rote <=ted cysteine 

n ta*., I" " SOlUtl ° n o£ ^"-^"butyldimethylsilyloxy-tri- 
"e™rT y Pr ° Pene <65 -° 9 ' "- 09 «»> *» anhyarous 

translation to lithiatea olef in koo.d I ^ !?* 
- Protected cysteine aiaenyae. "e^a " 

ole^: 02 T b (5 ° *' PreC °° lad tD - 78 - C > - **™ to 
conpietxcn o f tne addition. The section t h en was ,nencnea 
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>y addition of saturated aqueous «.« (60 mL, , end aUowed 
Z warm to room temp. Mter extraction with ethyl acetate, 
tne organic Phases were dried with brine, dried over «,so 
mterld, ana concentrated to a yellow liquid (-90 g> . The 
5 c«de Product was partially purified by chromatography on 
silica! eluting with a (10-30,) ethyl .«-^*~ The 
oradient to afford the alcohols R003D (9.53 g, 44%). The 
Tllowing characteristic values .ay he obtained by nuclear 
magnetic resonance spectroscopy: 

10 l H NKR (CDCI3) *: 7.1 - 7.5 ». 5.72 ., 5.53 dd (one isomer. 
J . 6 1 14.3 Hz). 5.45 dd (J - 6.1, 14.3 Hz), 4.11 dd 
^ . 7.9 «.). 1-43 s (one isomer,, 1.40 s (one isomer, , 

0.89 s, 0.04 s. 

Example 2 

Alcohols B003P (11.7 g, 18.9 mmol) were added to 
suspension of hexane washed NaH (1.03 g, 42.8 e 
anhydrous THP (100 mL, by cannula, end the 
ves stirred overnight. The reaction was quenched with 
20 saturated aqueous HH 4 C1 and diluted with both water end 

Zl ecetaTe. After separation of the phases the ^anrc 
ohese was washed with phosphate buffer (pH 7.2). The 
'coined aqueous phases were extracted with «*££T"- 
The combined organic phases were dried once with br.ne 
25 Sied over >,a,S0 4 . filtered, and then *° " 

foam (10.51 «. The dar* foam was purified £"" h 
chromatography on silica gel (PC, ^ 
acetate-hexanes. oxazolidinones P004D (6. 59 g 64%^ were 
chtaihed as a yellow foam. The following character^ 
30 values may be obtained by nuclear magnetxc resonance 
spectroscopy: 
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H NMR (CDClg) f. 7.1-7.5 m, 5.85 dt (one isomer, J = 4.7 
14.8 Hz), 5.77 (one isomer, J = 4.7, 14.8 Hz), 5.55 m, 4.84 
t (one isomer, J - 7.3 Hz), 4,43 t (one isomer, J - 6.2 Hz) 

5 »T 9 (one isomer - J " 7 - 5 H2> " 2 - 96 « (— i— «' 

« : °' 91 s (one isomer) - °- e9 s (one is °»«K 0.07 

S, 0.04 s. 

Example 3 

Synthesis of n xazo iirii rra *»™* n 

10 * ^-^utyldicarbonate (3.95 g, is.i mmol) was added 

nl & SOlUtl ° n ° f ^zolidinone R004D (6.59 g, 12 . X ^ and 
DMAP (300.4 mg, i. 46 in anhydrous THF (100 mL) that 

was maintained at 0»c. After is >ri n +h ^- 

u u - Arter 15 mm, the reaction mixture 
was allowed to warm to room temp and stirred for an 
additional 45 min. After dilution with ethyl acetate and 
water, the phases were separated, and the aqueous phase was 
extracted with ethyl acetate. T he combined organic^ phasL 
were drxed with brine, dried over Na 2 S0 4 , filtered, and 

ZTlZlTt "V yell ° W 0il * ^ * iXtUre ° f -azolidinones 
20 2\ 7 t crated by PC , eluting with 15% ethyl 

36%> a foir a n t0 aff ° rd ^ " alk ° Xy < 2 ' 30 

36%) followed by the desired oxazolidinone R005D (3.71 g 

47%) . The following characteristic values may be obtained 

by nuclear magnetic resonance spectroscopy: 

*H NMR (CDC1 3 ) 7.1-7.4 m, 5.91 dt (J = 15 . 4 , 3 9 Hz) 

25 5.81 ddt (J = 6.8, 15 5 3 5 w*. a , ' 

15 * 5 ' 3.5 Hz), 4.29 m, 4.19 m, 2.53 dd (J 

- 7.5, 12.1 HZ), 2.22 dd (J = 3.7, 12.2), 1.48 s, 0.88 s 
0.44 s. ' 
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Example 4 

^tfT^CK (2.05. ,3.0 m-o, in 
THF (75 *L) -t -40.0. «. added a 2 M solution of 
5 Z 11.50 ml., 23.0 mmol). The reaction mixture was stxrred 
5 r- for 10 min and then at o-c for 20 min The 
resulting hlac* mixture was cooled to -78-C and 
(2 .80 ml., 22.8 mmol), added dropwise. After stlr " n */~ 
5 Din , a solution of oxazolidinone fcOOSD (3.71 5 74 mmol) 
10 in anhydrous THF (25 *b) was added by cannula, and the 
resuming mixture was stirred for 1 h at -78-C 
If a saturated aqueous solution of NH 4 C1 (70 «W and HH 4 0H 
^ 5 \£ was addeo by oannula. and the reaction mixture was 
allowed to war- to room temp. Ethyl acetate was 
15 £e biphasic mixture was stirred vigorously for 15 mm then 
Erected with ethyl acetate. The organic phase was washed 
^h water, phosphate buffer ( P H 7.2), and the combined 
agTecL ph-me. were baC-extracted with ethyl 
coined organic phases were dried with ^ Jl Z 
,„ w» o filtered, and concentrated to a yellow oil. 
20 ^de' proTctw-as purified by PC. eluting with 10* ethy 

.cetate-hexanes to afford the desired olefin R006D as yellow 
1.7, 71*,. The following characteristic values may 
be obtained by nuclear magnetic resonance spectroscopy. 

25 IB,** «co=i„ «= vir; »" - 

(J = 5.9, fc fc - # _ n „,x i.43 s, 0.87 s, 0.80 

2.33 bm, 1.92 m. 1.79 octet (J - 7 Hz), 1«« 

d (J = 6.8 HZ) , 0.01 s. 
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Example 

Synthesis of >in^^ Vnp 7T) 



A solution of silyl ether R006D (2 64 a a no 

and tetrabutylammonium fluoride (TBAF) (2 69 J' ""^ 

in anhydrous THF (40 mL) was stirrJT^ nUn ° 1) 

dried with brine, dried ova*- ^ c/ ™ 9 l3yer Was 



.v Wtiai . ea to afford a darv mL 

purified by Pc , elutina \ll m * Pr ° dUCt " as 

afford the deslrea !, , f % Sthyl a «= et «-"e»„e S to 



30 



orxed with brine, dried over Na 2 so 4 , filtered and 
concentrated to afford a dark oil , T 6red ' and 
nur^ <a , w.. . dark 011 ' The crude product was 

25% ef 
)07D as 
Jterist 
i spect 

X H NMR (CDC1,) £: 7 4, H rT 

721t , T 3 ' 7 * 41 d (J " 7 '0 HZ), 7.28 t (J = 7 5 Hzl 

a 2 ( : 5 6 ; 5 H H : ) ' 5 - 33 dd (j - 5 -< - . 

0.85 d (J » 6 . a H2) . (J H2> ' 2 ' 41 *< - C* ~ 6.8 Hz) , 

Example 6 

Synthesis nf y ^>. h Vd e Pnn.n 

pcc a.y\:TT" i °LT h ° 1 R0 ° 7D (2 - 24 g ' 4 - 09 - o1 > — 

roojo temp for h " iveL" *" ^ < 4 ° ~> " 

- r e S id p ual J^'rt.r^r^r' ~- ana 

slurry was pipetted into e rapidly stiSno 

CELITE® in ether and t-t\ Plflly stlrr «g suspension of 

fil*™.. »«ture was filtered. The 

etate hexanes. The aldehyde R008D (2.39 g, > 100 %) 
- 64 - 



PCT/US95/03387 

WO 95/25086 



was obtained as a pale yellow oil. The following 
characteristic values may be obtained by nuclear magnetic 
resonance spectroscopy: 

1 H HHR (CDCX3) f. 7.41 d (a - 7.0 H» . 7.28 t (a ■ '■»*>• 
7 .21 t (J - «.5 Hz) , 5.33 dd „ - .... !».»■.» . »■« * 

,J - 8.2, 15.5 HZ). 4.60 bz, 4.10 bz, 3.63 dd (J - 4.6, 10.8 
BZ), 3.34 dd (a - 9.10, 10.5 HZ), 2.43 b», 2.27 b», 1.93 

1.60 octet (J - 7 HZ), 1.41 s, 0.87 d (J = 6.8 Hz), 0.85 d 

(J = 6.8H2) . 

Example 7 

Aldehyde R008D (2.39 g, <4 . 09 mmol) and methyl E 
iodo-acrylate were placed in a flask, flushed with argon, 
capped, and transferred to a dry box. Anhydrous freshly 
distilled THF (20 mL) was added, followed by slow, 
portionwise addition of 0.5% NiCl 2 :CrCl 2 (1.52 g, 
12.4 mmol). After 4 h, the dark mixture was removed from 
the dry box and diluted with saturated aqueous NH 4 C1 and 
CHC1 3 . The resulting slurry was stirred rapidly overnight 
, After separation of the phases, the 

once with water and once with phosphate buffer ( P H 7.2) 
which resulted in an emulsion. After removal of the 
emulsion by filtration through • CELITE® and clean separation 
of the resulting two phases, the organic phase was dried 
5 once with brine, dried over Na 2 S0 4 , filtered, and 

concentrated to a yellow-green semisolid Repeated ^ 
purification by FC, eluting with 15* ethyl acetate- xanes 
afforded the desired alcohols R009D as colorless oils 
(524 mg, 21% overall from R006D) . The following 
.0 characteristic values may be obtained by nuclear magnetic 
resonance spectroscopy: 
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h « ,coci 3 , , isomer „ 7 . 4 „ d (J . 7 . 5 „ 7 29 

(J - 7.5 Hz), 7.2! t (J = 7.3 HZ), 6.98 dd „ = 4.4, 
15.6 Hz , 6.02 dd (J = x.,, Hz) , 5 32 < d J 

15.2 „z), 5 . 16 dd (J . 10-1< is 3 «.!. 

; f; s - 2 - 46 da (j - s - 5 < hz). 2.34 J 

1-40 s, 0.96 d (J = 6 . 6 Hz)i 0-84 d (J _ 6 6 

Example e 

Synthesis of M^ nY , n t es Bn , nT , 

A solution ot Bt 3 N (246 „L, 1.77 nmol) was add-* * 

a solution ox alcohol R0 .9 D ( 2 29 .6 m 9 , o.T, io"in 

anhydrous CH 2 C1 2 ,7.5 «L, at o-e under N 2 . a 80 i utio „ of 

methanesulfonyl chloride (129 a j «» , . solution of 

to the mixture and It ■ °°° 0l) then was aadea 
mixture, and the reaction ua« a i ., „ . , . 

temp. After aim** . iV S allowe d to warm to room 

saturaJT dllution vith ethyl acetate (25 mL) and 

^wiiTr* nh4ci - the ° rganic ***** ~ 

drxed wxth brine, dried over Mgso 4 , filtered, and 
concentrated to a yellow oil T hi B „ {1 

eluti«« oil was P^ified by FC, 

elutxng wxth a 15-25% ethyl acetate-hexanes gradient 
Mesylates KOXOD (2 52 mg, 98%, were obtained as a "Lless 

nuc.ear:al 1 t 1 ° Wing values may be obtained by 

nuclear magnet xc resonance spectroscopy: 

* «. (*>C1 > 6: 7.39 d „ . 7.2 Hz) , 7.26 t (J . 7.4 Hz, , 

' "I* ^ ' S - 31 ^ (J " ".2 Hz) , 5.21 b . 4.S6 bs, 

4.11 « (J . 7.0 HZ), 3.68 s, 2.90 s, 2.43 bs, 2.22 bm, 1.8 
-. 1-40 s. 0.92 d „ = 6.S HZ), 0.65 d (J - 6.5 Hz, . 
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Example 9 

S ynthesis Q£ p<»n« ROUP 

A 2 M solution of benzyl magnesium chloride (335 *iL, 
2.72 mmol) in THF was added dropwise to a suspension of CuCN 
5 (256.5 mg, 2.86 mmol) in anhydrous THF (7.5 mL) maintained 
at -40-C under Argon. The reaction mixture was stirred for 
20 min at -40»C, and then warmed to 0"C for 20 min. The 
resulting dark, opaque mixture was cooled to -78 »C and 
BF 3 .OEt 2 (335 uli, 2.72 mmol) was added dropwise. After 
10 5 min, a solution of mesylates R010D (186.1 mg, 0.27 mmol) 
in anhydrous THF (2 mL + 2 mL rinse) was added. After 
15 min, the reaction was quenched with saturated aqueous 
NH 4 C1 and NH 4 OH (1:1 v/v) and allowed to warm to room temp. 
It then was diluted with ethyl acetate, stirred vigorously 
15 for 15 min, diluted further with both ethyl acetate and 

water, and the phases were separated in a separatory funnel. 
The organic phase was washed with pH 7.2 phosphate buffer. 
The aqueous phase was back extracted with ethyl acetate, and 
the combined organic phases were dried with brine, dried 
20 over MgS0 4 , filtered, and concentrated to a yellow oil. 

After purification by FC, eluting with 10% ethyl acetate- 
hexanes, a mixture of the benzyl isomers of diene R011D 
(157.7 mg, 85%) was obtained. The isomers were separated 
after further purification by HPLC on silica, eluting with 
25 5% ethy* acetate-hexanes to afford pure major p isomer R011D 
(-80 mg, 43%) as well the minor a isomer (43 mg, 23%). The 
following characteristic values may be obtained by nuclear 
magnetic resonance spectroscopy: 

1 H NMR (CDC1 3 ) 6 major isomer: 7.09 - 7.40 m, 5.46 t 
30 (J = 10.4 HZ), 5.35 t (J = 10.5 Hz), 5.27 ddd (J = 1.2, 7.5, 
15.4 HZ), 4.91 dd (J = 5.0, 15.2 Hz), 4.47 bs, 4.09 bs, 3.60 
s, 3.55 q (J = 8.3 Hz) , 3.00 dd (J = 7.5, 13.5 Hz), 2.75 dd 
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(J - 7.4, 13.5 Hz), 2.64 q (J = 8ml Hz ) , 2.29 bm, 2.25 bm 
1.52 o (J = 7.5 Hz), 1.42 S/ 0.81 d (J = 6.7 Hz) ,. 0.78 d 
(J - 6.7 Hz) . 

*H nmr (CDC1 3 ) « »inor isomer: 7.04 - 7.43 m, 5.34 > 4 97 
5 ddd (J = 0.6, 6.3, 15.3 Hz) , 4.51 bs, 4.12 bs, 3.61 s, 3.28 
9 (J= 7 * 8 HZ >> 3 * 07 ^ - 7.2, 13.6 HZ), 2.76 dd 

(J = 8.0, 13.6 HZ ), 2.39 q (J = 6.9 Hz, , 2.34 bm, 2.29 bm, 
1.54 o (J «= 6.6 HZ), 1.44 s, 0.75 d (J - 6.7 Hz). 

Example 10 

10 .Synthesis of Aci pm»n 

A solution of LiOH (11.5 mg, 480 M nol) in water 
(5.0 mL) was added to a solution of methyl ester R011D 
(110 mg, 160 /zmol) in dioxane (5.0 mL, , and the reaction was 

15 M^T " h ^ TO ° m temP Under »»• Additional Li OH 

15 (11.5 mg, 480 /xmol) then was added, and the reaction was 

stirred for an additional 3 h. The reaction was acidified 
to p H 2 with 1 M KHS0 4 , and then extracted with ethyl 
acetate. The combined organic phases were washed with 
brine, dried over Na 2 So 4 , filtered, and then concentrated to 
20 acid R012D (85 mg, 79%) which was obtained as a clear oil 
The following characteristic values may be obtained by 
nuclear magnetic resonance spectroscopy: 

*H NMR (CD3OD) 6: 6.97-7.37 m, 6.53 m, 5.45 t (J = 10 .4 Hz, 
5.33 t (J = 10.4 HZ,, 5.24 dd (J = 7.8, 15.7 Hz) , 4.94 dd ' 
25 (J = 6.9, 15.3 Hz), 3.86 bs, 3.48 bm, 2.91 dd (J = 7 9 
13.4 HZ), 2.67 dd (J = 6.8, 13.4 Hz), 2.64 m, 2.33 q' ' 
(J = 10.5 HZ), 2.10 dd (J = 5.9, 12.1 Hz), 1.5 m, 1.41 s, 
0.82 d (J = 6.0 Hz), 0.80 d (J = 6.5 Hz). 
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Example 11 

fiynl-hgsis of Amide R013P 

Acid R012D (127.3 mg, 190 nmol) , p-nitrobenzyl 
methionine hydrochloride (obtained by HCl deprotection of 

5 110 mg of N-BOC p-nitrobenzyl methionine, 290 M^ol) , HOBT 
(31.3 mg, 230 tmol), DCC (83.5 mg, 400 nmol) , and NMM 
(25 ML, 230 |imol) were dissolved in anhydrous DMF (2.0 mL) 
and then stirred at room temp overnight. The reaction 
mixture was filtered, and the solid residue was washed well 
10 with ethyl acetate. The combined filtrates then were washed 
with water and phosphate buffer (pH 7.2). The aqueous 
phases were extracted with ethyl acetate, and the combined 
organic phases were dried once with brine, dried over MgSO,, 
and concentrated to a yellow oil. Purification of the crude 

15 amide by FC, eluting with a 20-25% ethyl acetate-hexanes 
gradient, afforded amide R013D (165.8 mg, 93%) as a 
colorless foam. The following characteristic values may be 
obtained by nuclear magnetic resonance spectroscopy: 

1 H NMR (CDC1 3 ) 6: 8.22 d (J = 8.7 Hz), 7.48 d (J = 8.7 Hz), 
20 7.08-7.39 m, 6.15 bd, 5.55 t (J - 10.5 Hz) , 5.41 t 

(J = 10.3 Hz), 5.31 dd (J = 7.0, 15.3 Hz), 5.22 ab quartet, 
4.98 dd (J = 5.8, 15.4 Hz) , 4.83 d (J ■ 5.7 Hz) , 4.68 m, 
4.52 bm, 4.09 bs, 3.33 q (J = 8.1 Hz) , 3.06 dd (J = 7.9, 
13.4 HZ), 2.70 dd (J = 6.7, 13.4 Hz) , 2.59 m, 1.98 s, 1.42 
25 S, 0.81 d (J = 6.7 HZ), 0.78 d (J " 6.7 Hz). 

Example 12 

g yP^esis Of h£j& R014D 

To a solution of p-nitrobenzyl ester R013D (88.8 mg, 
98.9 Mttol) in THF (1.5 mL) was added a solution of 
30 Na 2 S.9 H 2 D (126 mg, 0.52 mmol) in water (0.5 mL). The 

reaction mixture was stirred at room temp under N 2 for 2 h, 
whereupon it was quenched by addition of TFA (440 M L, 
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IS 



5.71 mmol, . solvents were removed under reduoed pressure 
and the residue was dissolved in methanol, undissolved 

DurlriT h reBOVea ^ fllt " tio »< <** ""-ate was 

purified by hplc on Clfl reverse phase columns, eluting with 
a gradient of 0.15* TFA in 5* acetonitrile-wa^r to 0 15* 

Lac ! C T itrUe - R °" D (4S - 8 » 9 ' 69% ' ~ 

as a colorless oil. The following oharacteristio values May 

be obtained by nuclear magnetic resonance spectroscopy: 

NMP (CD 3 0 D , S, 7.09-7.39 m, 5.55 t, (J - 10 . 4 Hz) , 5 . 34 t 
<J - 10 5 HZ,, 5.20 dd (J = 6 .a, 15 .3 Hz) , «. 93 jq ,'.40 dd 

|j ; ; l - "■• Hz) - 2 - 64 dd < j - 5 -«- ".3 H2) , 2 . 40 dd 

m I 52 < J " 6 -°' 12 - 2 H2 '- *••« 

m. 1.52 m, 085 d (J = 7.2 HZ), 0.83 d (J - 7.0 Hz,. 

Example 13 
Svnthesi ' c ~* 

<a« « TFA ( " 3 mL) was added to a slurr * of acid roi« 

(48 8 mg. 88 . 2 1} ln Et3S . H (i ffiL) ^ reom 

solution was stirred for 5 min. P D331 (27 ng , 68%) was 

20 obtained as a white solid after removal of stents, 

purxfication of the residue by HPLC on CIS reverse phase 
columns (the elution gradient was 0.15% TFA in 5% 
acetonitrile-water to 0.15% TFA in acetonitrile) , and 
lyophxlization from acetonitrile-water. The following 

25 characteristic values may be obtained by nuclear magnetic 
resonance spectroscopy: 

* NMR (CD 3 0D) „ 8.13 d (J = 8.3 Hz), 7.15-7.28 m, 5.79 dd 
* 7 ' 9 ' 15 ' 7 5.64 t (J = 10.4 Hz) , 5.42 t 

30 H ~ l°' 5 HZ) ' 5 ' 37 ^ CJ = 8 -°' 15 * 2 HZ) ' 4 ' 45 »' 3.80 q 
30 (J = 6.6 HZ), 3.59 , (j . 8 .3 Hz), 2.95 dd (J = 9.4 

13.2 HZ), 2.76 dd (J = 6.2, 10.8 Hz), 2.71 dd (J = 6.3, 
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12.9 HZ), 2.09 », 1.99 s, 1.93 «. 1.65 m, 0.93 d 
(J - 6.8 HZ), 0.90 J - 6.8 Hz) . 

Example 14 

am fe b g S is_j£ fegjadafce R016P ^. , 

crci 2 (17 g, 141 nol) and then a solution of 
H i(C0D) 2 (193 »g, 0.7 »ol, in THF (-2 *L> were added to 
solution of aldehyde R01SD (21.1 g, 86 mmol) and E 3 



nyue *w*-»** i — — - — ^ « 

iodoacrylate (30 g, »« mmol, in THF (250 mL, in a dry box 
that was maintained with an inert atmosphere. Following the 
10 addition, a mild exotherm oocurred. and the temperature of 
the mixture increased to approximately 50 - 60-c. The 



h, at 



the mixture incre«»«« ~ 

reaction mixture was stirred for an additional 14 
which time additional crcl, (5.28 g, 43 mmol) and E 
iodoacrylate (10 g, 47 mmol) were added after en 
1S additional 16 h, crcl s (5.28 g. 43 mmol) and »^ 0D )> 

(65 mg, 0.23 mmol) again were added. Twelve hours later 
TLC monitoring (20% ethyl aoetate-hexanes) indicated that 
the starting material was consumed. 

The reaction then was diluted with saturated agueous 
ao HH CI (300 ml) and CHC1 3 (300 mL) , and the resulting two- 
" Z. lixturewas rapidly stirred overnight. The layers 
vere separated, end the organic phase was rapidly 
171 saturated agueous KH 4 C1 (300 m,, for 2 h. Tbe^ oo mbined 
agueous phases were extracted with CHC1 3 (2 x 200. 

25 ^ined organic ph ere dried once ^"^J^f" 

oried over Na 2 S0 4 , filtered, and concentrated to a crude 
oil. This oil was further purified several times with 
silica gel PC's. For the initial columns, elutions were 
performed with 10-30* ethyl aoetate-hexanes gradients; for 
30 later columns 10-20% ether:CH 2 cl 2 gradients were used. 

Ablate ester K.16D (17.4 g. 61%) was obtained as a mixture 
tf c*4 alcohols as a slightly impure yellow oil From 
examination of the >H NMR spectrum, the a:0 ratio appeared 
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to be approximately 1:2. The following characteristic 
values may be obtained by nuclear magnetic resonance 
spectroscopy : 

X H NMR (CDCI3) 6.99 bd (J = 14. 0 Hz, 0) , 6 .96 dd 
(J = 5.6, 15.6 Hz, a), 6.17 dd (J « 1.7, 15.5 Hz, 0) , 6 .13 
dd (J « 1.0, 15.4 Hz, a), 4.65 s (0) , 4. 61 t (J = 6.6 Hz, 
a), 4.50 bs </?), 4.48 t (J = 6.7 Hz, a), 3.75 s ( 0) , 3. 74 s 
(a), 3.15 dd (J = 6.2, 12.4 HZ), 2.91 d (J = 12.3 Hz, 0) , 
2.71 d (J - 12.5 HZ a), 1.76 s, 1.74 s, I.44 s. 

Example 15 
Synthesis of M» gY i ates poi 7p 

Triethylamine (13. 4 mL, 96.3 mmol) was added to a 
solution of alcohols *016D (19.1 g , 57.6 mmol, in CH 2 C1 2 
(150 mL, at o-c, . Methanesulfonyl chloride (7 mL, 90 mmol) 
subsequently was added dropwise. The mixture was stirred 
for 20 min at 0-C, then the ice bath was removed, and the 
mixture was stirred an additional 30 min at ambient 
temperature. The reaction was quenched by addition of 
saturated aqueous NH 4 C1 (400 mL) , diluted with ethyl acetate 
(1 L), and shaken. The layers then were separated, and the 
organic layer was dried once with brine, further dried over 
Na 2 S0 4 , filtered, and then concentrated. The crude mesylate 
was purified by fc, eluting with a 0-30% ethyl acetate- 
hexane gradient affording mesylates R017D (22.0 g, 93%) as a 
yellow oil. The following characteristic values may be 
obtained by nuclear magnetic resonance spectroscopy: 

% NMR (CDCI3) 7.08 dd (J = 6.3, 15.6 Hz, a), 6.93 bdd 
(J = 8.2, 14.8 Hz, P ), 6.05 bd (J = 14.4 Hz, 0) , 5.59 bm 
(a), 5.43 t (J = 7 . 8 HZ), 3.75 s (a, , 3.71 s (0) , 3.20 dd 
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,J - 6.7, 12.9 HZ, a), 3,16 dd (J = 5.7, 12.7 Hz, «. 3-07 
b. (a), 2.99 s, 2.96 bd (J = 12.7 Hz, fO , 1-73 bs, .1.70 bs. 
1.41 s. 

Example 16 

e y^^g of oTPfinic Esters RQiai 

A 2 M solution of i-PrMgCl in THF (ill *L, 222 mmol) 
was added dropwise to a suspension of CuCN (20 g, 222 mmol) 
in THF (200 mL, at -40 «>C) . The reaction mixture turned 
black and became viscous. After the addition was complete, 
the mixture was warmed to 0»C, stirred for an additional 
30 min, then recooled to -78'C. Then, BF 3 .OEt 2 (31.5g, 
222 mmol) was added, the reaction mixture was stirred for 
5 mi n. and a solution of mesylates K018D (22 g, 53 7 mmol) 
in THF (40 mL) then was added by cannula. After 15 mm, TLC 



15 (20% 



• (40 mL) tnen \»«=» — j — 

*hyl acetate-hexanes) indicated that the starting 

. ml nn was 



material had completely disappeared. The reaction «« 
quenched with 1 = 1 saturated aqueous HH 4 Cl.-^.ou. HH.0H 
,30 mi), and the mixture was allowed to wars *° » b " n * 
Lperature. Additional saturated aqueous ™£ J*™^ 
20 tffl.OH (50 «L), and ethyl acetate (1 L) were added, and the 
mixture was vigorously stirred tor 1 h. The layers were 
filtered through CEL1TE* , separated, and the aqueous layer 
was extracted with ethyl acetate (300 «L> . The combined 
"ganzo Phases were washed with water («.. -> . -~ 
25 with brine ,1 10. dried over Ha a S0 4 . Altered throng* 

and then concentrated. The crude product was purged by 
FC, eluting with a 5-10% ethyl acetate-hexanes 
^ersBOl.* (13.8 g, 71*. were obtained as a colorless oil 
as a mixture of C.2 isomers. The following characteristic 
30 values may be obtained by nuclear magnetic resonance 
spectroscopy: 



WO 95/25086 

' PCTAJS95/03387 



15 



20 



30 



Example 17 

Sv "' :h °° < ° "f aisa haj 

76 1 " EOlUtl ° n ° f D1B ^ in oyclohexane (76 

» TT to a solutlon of ester -*» («.. ,. 

reaction 6 (25 ° " L) Stirri "9 " «- temp. ihe 

"h re^nr ^ S ° di ™ C250 " . 

for 2 h « hete "9«>«>« »i*ture was stirred vigorously 
*=r 2 h at room temp, diluted with ethyl acetate (500 ml, 

ll?:: ], r 8n ; M separatea - 

The res^ti™' - thr ° U9h M9S0< ' Md "nitrated. 

p c.2 alcohol isomer (3.6g, 29*1 Tho , 
oharaoterlstic values may be oUllnea J f °"° Wlna 
resonance spectroscopy: * nU ° lear " a3netlc 

do (J - 9.3, 15.2 Hz), 4.83 bm, 3.65 », 3.31 t 

(J - 10.1 HZ), 3.26 dd (J = 6.1, H.7 HZ), 2.58 d 

(J = H.7 HZ,, 1.99 m, 1. 77 bS , 1.74 s, J .43 S, 0 89 d 

(J - 6.7 HZ), 0.85 d (J = 6.7 Hz). ' ' 

>H « (««,) 6 ^isomer: 5.62 dd (J = 7.1, 15.2 Hz, , 5 33 
-.73 bm, 3.64 dt (J = 5.4, 15.2 Hz, , 3.32 t 
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,» -10.4 HZ) , 3.36 dd (J = 6.2. .11.. HZ). 1.96 !•« b.. 

1.43 s, 0.88 a (J - 6.7), 0.84 d (J - 6.7 Hz). 

Example 18 

g vnaisaig at ^•■f■°^Y' , '• B020I> ■ . . , , 

, The Dess-Martin Periodinane, l,l,l.-triacetoxy-l,l- 

dihydro-l,2-benziodoxol-3(lH>-one. (5.4 9. 12.8 mmol, «~ 
suspended in diethyl ether (25 mL) under argon and stirred 
for 5 min. The ether was decanted, and the reagent was 
dried under a stream of argon for 10 min. The resulting 
10 solid was suspended in CH 2 C1 2 (25 ml.) , and then 4 A mole- 
cular sieves (l g, and t-butanol (856 mg. 12., > mmol) were 
added. The mixture was stirred for 30 min. after which 
alcohol R.1.D (1.42 ,, 4.31 mmol, was added. After 4 h, 
monitoring (.luting with 20* ethyl ac ^ ate ™" ) ether 
15 indicated that the reaction was complete. Diethyl **« 
,50 mL) was added, and the resulting suspension was 
Lough CELITE* . The filtrate was washed with 10* N. 2 S^ 
,30 mi.), saturated aqueous NaHC0 3 (30 mL) , and water, then 
dried with brine, dried over Ha 2 S0 4 . filtered, »" a 
2 0 concentrated to an oil. The crude aldehyde was purified my 
PC, .luting' with 10* ethyl acetate hexanes to afford 
aldehyde R020D (1.3 g, 82*) as a colorless oil. The 
following characteristic values may he obtained by nuclear 
magnetic resonance spectroscopy: 

25 1 H NMR (CDCI3) ., 9.57 d (J - 2.7 Hz), ~ ^° ' , „ 

15 3 Hz) 5.60 bm, 4.84 bm, 3.26 dd (J « 6.0, 11.8 Hz) , 2.70 
I] 2 5*'d \j = li.B HZ), 2.10 o (J - 6.9 Hz), 1.74 S, 1.42 
s, 0.94 d (J *■ 6.7 HZ), 0.90 d (J = 6.6 Hz) . 

Example 19 
30 SyQj&ejLiS Bf &S£ylatg Fcter *Q21D 

CrCl 2 (1.5 g, 11.9 mmol) and Ni(C0D) 2 (7.3 mg, 
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0.026 mmol) were added sequentially to a solution of 
aldehyde R020D (1.3 g, 3. 9 7 mmol, and E-3-iodoacryl.t. 

v«h an J!1T in "* (2S ° ** ln 3 ** "°* - 
f~ ,! k ! at "° Sphe "- ™« reaction mixture was stirred 
for 14 h, at which time TLC monitoring (20% ethyl acetate- 
hexenes, indicated that the starting material had been 
consumed. 

The "action was diluted with saturated aqueous 
"*.«(»• mL, and stirred for 1 h at room temp. After 
dilution with CHCI3 (100 ml, followed by vigorous mixing 
the resulting emulsion was filtered through CELITES. The 

wither rrr ted ' ana the ° rgani ° «*— ™* **- — 

I cruufoll 1 ° Ver Ha2S ° 4 ' filtered ' "* ~-.ntrat.d to 
20% ethyl acetate-hexanes. Acrylate ester K021D ,1.13 „ 
68%, was obtained as a mixture of c.4 epimeric alcohols 
The following characteristic values may be obtained by 
nuclear magnetic resonance spectroscopy: 

20 !" T r Cl3> " 6 '" dd ' J " 4 - 7 ' 15 - 6 «••» *» 

« (J - 1.4, 15.6 Hz,, 5.70 dd (J = 6.5, 15.3 Hz,, 5.30 m 4 81 
bm. 4.38 m. 3.26 dd (J - 6 . 2 . Hz)> 2 . 55 ^ 

r^^r- 1173 *■ *- w s - ••-"»■■---.». 

Example 20 

25 Synthesis of nipnn p ster nn> 9 n 

Triethylamine (604 „L, 4.34 mmol) was added to a 
solution of alcohols R02 id (i. 12 g , 2 . 71 ^ in 
(15 mL at o-C) . Methanesulf onyl chloride (314 M L 

30 lol\7 0l) T U 3dded dr0pwise « The -i*t»r. was stirred 
30 for 20 mxn at 0-C, the ice bath then was removed, and the 

"otir ".I ^r/' amb±ent t6mperatu - approximately 
30 mxn. At that point, TLC (eluting with 20% diethyl ether- 
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CH,C1,> indicated complete disappearance of starting 
material. The reaction was quenched by the additxon of 
Taturated aqueous HH 4 C1. then diluted 

and shaKen. The layers were separated , and the organic 
layer was dried once with brine, dried over Na 2 S0 4 , 
Altered, end then concentrated. The crude mesylate was 
used immediately for the following S„2' "°P™£ 

A 2.0 M solution of benzyl magnesium chlorrde xn THF 
(5 4 ml.. 10.8 mmol) was added dropwise to a suspension of 
L» in THF stirring at -40-c. After the addition was 
complete, the pale yellow solution was warmed to 0-c and 
stirred an additional 30 min. At that point the solution 
was gray. It then was cooled to -78'C. BF 3 .OEt 2 (1.3 »L 

mmol, added, and the solution was stirred an additional 
X0 min. Next a solution of the crude mesylate 
above, ,2.71 mmol, dissolved in THF (5 mM 
addition was followed by a rinse with THF (5 .10 . and «-e 
resulting reaction mixture was stirred for 1 h at -78 C. 
faction was then quenched by the addition of > m^ur. 
, of HH4OH <10 *L,. and saturated aqueous NH 4 C1 ;« > -M - The 
mixture was warmed to ambient temperature, and diluted with 
e^racTtate and more HH 4 C1 solution (50 *> . Th. -gueous 
layer was separated and extracted with ethyl acetate and 
riombine/organic layer s were ^ with = ^ 

acetate-hexanes. afforded the ^or. iene est , «~ 
(478 m, 36%, isomer) and its C.2 minor . . 

25%). ihe following characteristic values may be obtained 
,0 by nuclear magnetic resonance spectroscopy: 
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3.03 dd (J = 8 .o, 13 .6 Hz,, 2 . 76 dd (J = 6.7, 13 6 Rz) - ,„ 
1-45 s, 0.79 d (J . 6.8 Hz) '* 

10 

Example 21 

Svnth».< r „ f AlHrt Va»p 

water (2 J L .Wrred " ' T"™ °* dI °— < 2 *> *»* 
15 The «,„,; stirred at ambient temperature overnight. 

21 !L T ~ ««»—«» *» PH 2 with o.l H HC1 

9«r*„hl h ' Snd 0 ""« t «*- *° »Cld K023 D ,301 „ g , 

a» a (J I » s hz, 1*7, 8 dd (J " 6 - 9 ' "- 6 Hz >' 2 ' 69 

S 0 86 S ' 1-75 1,56 OCt < J " 6 - 8 HZ,, l.„ 

S, 0.86 d (J = 6.6 HZ,, 0.83 d (J « 6.7 HZ,. 

Example 22 
Synthesis PNB EsJ-„t- P »,^ r 

A solution of NMM (60 M L, 0.54 Bunol) was added to a 
solution of acid K023D (245 xng, 0 .517 ^ol, f EDC (119 ng 
C62 host C 73 » g , 0.54 nunol) f and Conine 



30 
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p-nitrobenzyl ester hydrochloride (199 mg, 0.62 mmol) xn 
(4 mL). The resulting solution was stirred overnight at 
ambient temperature. The reaction mixture was diluted with 
ethyl acetate, washed with water (50 mL) , dried twice with 
brine (50 mL) , dried over Na 2 S0 4 , filtered, and concentrated 
to a crude oil. Purification by FC, eluting with 20-30% 
ethyl acetate-hexanes, afforded pure PNB ester R024D 
(340 mg, 89%) as a colorless oil. The following 
characteristic values may be obtained by nuclear magnetic 
resonance spectroscopy: 

IRNMR (CDC1 3 ) 6: 8.23d (J =8.7 Hz) , 7 . 49 d ( J = 8 .7 Hz), 
7 25 m, 7.18 m, 6.14 bs, 5.50 m, 4.75 bm, 4.70 dt (J = 4.8, 
7.5 Hz) , 3.41 dt (J = 6.4, 8.9 Hz) , 3.23 dd (J = 6.0, 11.6 
HZ), 3.08 (J = 8.4, 13.4 Hz) , 2.73 dd (J = 6.1, 13.4 Hz) , 
2.67 q (J = 7.9 Hz), 2.46 d (J — 11.7 Hz) , 2.20 m, 2.1 m, 
1.98 S, 1.84 m, 1.79 S, 1.76 S, 1.57 oct (J = 6.7 Hz) , 1.44 
S, 0.87 d (J = 6.2 HZ) , 0.83 d (J = 6.6 HZ) . 

Example 23 

PYTffh.mis *^<d K025O 

A solution of Na 2 S.9 H,0 (1.67 g, 6.95 mmol) in 
water (5 mL) to a solution of PNB ester R024D (1.03 g. 1.39 
mm*) in THF (10 «L) , and the resulting mixture was stored 
for 1 h 45 min at ambient temperature. The reaction was 
g uen=hed by addition of 1.2 mL TFA, stirred for 15 min. and 
Le solvents were removed under vacuum. The ""due was 
dissolved in methanol and purified by reverse phase "PLC 
eluting with 0.15* TFA in 5* acetonitrile-water to 0^5% TFA 
in acetonitrile to yield acid R025D (797 mg, 95%). The 
following characteristic values may be obtained by nuclear 
) magnetic resonance spectroscopy: 
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* HMR (CD 3 OD) i: 7.18 „, 7 . 10 », 5 . 59 dd (J _ , „ 

h!; 2 Ti' n !' 51 ' <J " BZ) - 5 ' 41 * V- 10.4 

(» - «-7 HZ). 3.21 dd (» = 6 . 1( H « 

«.9 H2). 2.62 dd (J = 5.3, 13 2 Hz) J 4 „ ' 

, T , ,» i.; 8 ri H : 6 '„ 2 -r 3 ; - 



Example 24 

Synthesis o f p 1rn1rid<i , B n „ n 

A solution of thiazolidine R02SD (2S0 ng o 411 
-=D in acetic acid , OHF ,2.0 I,, Z 

1.0 «o was cooled to «. c for 15 „i». Me0 cscl 

After^J:'" T 1 ' MS a3ded dr ° PWlSe t0 this I*—- 
rev~ a T 9 r 30 " in fUrther at °* c ' —ly^- by 
reverse phase hplc (.luting with 0.15% TFA in 5* 

sno„!d ltril r W " er *° °- 15% *** " *«tonitrile °ver 30 D in, 
showed complete consumption of starting Material. Solvents 

IZlrl™ U " der ™°' the »■"«• — Purified^ 

reverse phase hplc. Disulfide R02.D ,244 „g, mB 

" " COl ° rleSS 0il " ThS characteristic 

zizzi^ obtainea * — — 
25 Id t ?r' i: 7 - 24 "• 7 -" ■• 5 - 5s * <j - «••» *). •.«« 

? a 1 . « " z) - s - 39 * (J - h *>. 5.33 dd 
2 72 dd ; a 4 r 1, 4 - 42 4 - 21 ■• 2 - 87 3 - ss 

oct I ' 13-2 2 -° 3 »• ^ »•»! » 

£ - r 7 H2 '' 1,42 s> °- 89 d < j - 6 - 7 •••• « 



20 
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Example 25 

A solution of JI-BU3P (0.97 ml., 3.94 mmol) was added 
dropwise to a solution of disulfide E026D (863 mg, 
5 x.32 mmol) in THF (30 ml,) containing vater (3 mL, -166 mmol) 
at 0»C. After 18 min, analytical reverse phase HPLC 
(eluting vith 0.15% TFA in 5% acetonitrile water to 0.15% 
TEA in acetonitrile over 30 .in, indicated complete 
consumption of the starting material. The reaction^ mixture 
10 was loaded directly onto a preparative reverse 

column, and then purified. Thiol E027P (681 mg, 92%) was 
'obtained as a clear oil. The following characteristic 
values may be obtained by nuclear magnetic resonance 

spectroscopy: 

15 % KM* (CD3OD) { = 7.25 m. 7.17 m. 5.58 t ( J - ^ 10 .4 HZ) 5. 52 
« (J = 9.1. 16.8 HZ). 5.40 (J = 10.4 Hz) . -••»*<» 'l'' 
15 .5 Hz) . 4.43 m. 4.03 m. 3.58 g (J - 8-3 «Z> , • 
aa (J = 5.9. 13.2 HZ). 2.58 m, 2.03 m, 1.98 s. 1.91 . 
1.71 m, 1.58 oct (J - 6.8 Hz), 1.42 s, 0.89 d (J - 6.7 HZ), 
20 0.86 d (J = 6.8 HZ) . 

Example 26 

pypthesm ox cwonnd *P3?'. 

A solution of K-BOC protected thiol R0Z7D i * 
!.2 mmol) in CH 2 C1 2 (10 ml.) and TFA (10 ml.) was stirred at 
25 0'C for 55 min. The mixture was worked up and purified as 
aescribea above, afforaing pure analog PD331 (354 mg. 80%). 
Example 27 

A mixture of acia E023O (80 mg, 0.169 mmol) , 

30 HCl-HeNHOMe (20 mg. 0.203 mmol, , EDC (49 m,, 0.254 mmolK 
and NMM (19 mL, 0.169 mmol) in 3 ml. CH 2 C1 2 was stirred at 
temperature for 16 h. The resulting mixture was 
- 81 - 
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tUTT T Sthyl aC " ate « 3 ° » L > « d »*- (15 BiL) 
lanTr t0 3 S6Parat0ry f ™ «- -en shaxen '^e 

> Zlir f 1" fllte " d ' and «n=entrated. The crude oil was 
^rdl y / C elUtln9 " lth l5% Sthyl -tate-hexanes to 
III 12 ^ aBida R ° 28D (68 ™%> as a colorless 

^T^ZTrZT 1 ^ valuas nay ^ 

magnetic resonance spectroscopy: 
% ron, ( cdci 3) * : 7 . 25 », 7 . 17 _ 

m, S.47 m, 5.40 t (J = 10 4 Hz! 4 „ K 

^ 7 . 6 ii i'"- 1 Hz) - 2 - 66 aa <* - 5 - 2 - - s ' 

s. 0.87 d (J = 6. 7 H2)> 0-83 fl (J _ 6 7 
Example 28 

Synthesis of zi^.t, v ae 

ether ,1 *T *° 28D ™ol, i„ diethyl 

the res \T " °' C - *«er stirring for 30 min 

the resul tlng reaction mixtm was ^ Mtura ^ 

aqueous sodium potassium tartrate and stirred an HIT* , 
30 minutes. The layers were separated and the ZZtZll 
extracted with ethyl acetate. The combined organic TayeT 
were cried with brine, dried over Ba ,so 4 , fil tered and 
concentrated to the crude aldehyde. B , S ,' D used Meetly in 
the next reaction. y in 

Example 29 

.Synthesis of t,n»,» P 

« 4 . S ° diUm ^^orohydride (41 rog , 0 .195 mmol, was 
added to a solution of the hydrochloride salt of methionine 

H029D (* o. 13 mmol, in ethanol (5 mL, . The resulting mi ^ re 
- 82 - 
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was stirred at ambient temperature overnight and then 
diluted with ethyl acetate and water. The organic layer was 
dried with brine, dried over Na 2 S0 4 , filtered, and 
concentrated to a crude oil. After purification by FC 
5 eluting with 20% ethyl acetate-hexanes , amine R030D 

(45 mg, 47%, was obtained as a white solid. The following 
characteristic values may be obtained by nuclear magnetic 
resonance spectroscopy: 

% NMR (CDC1 3 ) it 8.24 d (J - 8.8 HZ> , 7.51 d (J = 8.7 Hz) , 
10 7.25 t (J - 7.6 HZ), 7.16 t (J = 6.8 Hz), 7.11 d 

(J = 7.6 HZ), 5.49 m, 5.42 t (J =10.4 Hz) , 5.25 d 
(J = 13.3 HZ), 5.23 ab q, 5.18 t (J - 10.3 Hz) , 3.37 dd 
(j - 5.6, 7.8 HZ), 3.21 dd (J = 5.9, 11.6 Hz) , 2.83 m, 2.73 
q (J = 8.1 Hz) , 2.54 m, 2.40 m. 2.04 s, 1.89 m, 1.75 s, 1.5 
15 m, 1.44 s, 0.88 d (J = 6.4 Hz), 0.86 (J- - 6.6 Hz). 

Example 30 




In a procedure similar to that used for the 
preparation of PHB ester R024D above, aeid R023D 
20 %3 mg. 0.203 mmol) and *-methyl methionine methyl ester 
hydrochloride (36 »g,0.2O3 mmcl, were coupled to afford 
ester R031D (24 mg. 10%) as a yellow oil. The following 
characteristic values may he obtained by nuclear magnetic 
resonance spectroscopy: 

25 >H NMR (CDCI3) .. 7.26 ». 7.18 m, 5.61 m, 5.48 m. 5.15 dd 
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£ 4,64 * (J - 7 ' 3 HZ), 3.64 s 3 26 

o 2 :^ ::/„:;/■ 16 - >■« - « = - -r: 

Example 31 
Compound wni ? 

4. o ^ 

SMe 

2" 3 C Ts D s « , 8 -" * < J ~ 8 - ,.o 2 aa 

j - VI' J! -65 dd {J ■ 8 - 7 ' 15 " 3 »*>- 5.5o aa 

2 - 6 ' 8 ' 7 ' 13 -" H *>' =-05 n, 1.98 s, 1.73 », 0.85 s. 
Example 32 

LOUnd PDQgp 



15 



20 



s 

CONHj 



H N»H (C D 3 0 D , 6: 8.35 a ,» . 8 Hz, . 5.91 d<J (J . 
15 5 Hz , 5.57 aa (J = 7.3. l 5 . 5 H z, , 5 . 48 J , . 

dd (J ' 7 - 8 ' i5 - 4 hz '- 4 - 35 « » - 

8.7 Hz,, 3.84 g (J , 7 . a Hz) 2 ' 

i'^.'LV- 1 ' Hz) - 2 - 6 2 - 27 - 

1.7 . 0.94 a ,J - 6 . 6 „ z) , 0 . 91 d (J . , 5 
" 6 - 7 HZ), 0.88 a (J = 6.9 Hz). 
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Example 33 

rnmprmnd PD032 



*H NMR (CD3OD) 5: 8.29 d (J = 8.0 Hz) , 5.92 dd (J = 8.2, 
15.6 Hz) / 5.57 dd (J = 7.6, 15.5 Hz) , 5.46 dd (J = 9.1, 
15.4 HZ), 5.43 dd (J = 8.1, 15.5 Hz) , 4.99 dt (J =5.1, 
8.4 HZ), 3.84 q (J = 7.5 Hz) . 3.6 - 3.75 m, 3.52 in, 2.81 dd 

(J - 6.4, 14.0 HZ), 2.74 (J - 6.2, 14.0 Hz), 2.4 - 2.65 m, 
2.06 S, 1.90 m, 1.71 O (J = 6.6 Hz) , 0.91 d (J = 6.4 Hz) , 
0.90 d <J = 5.9 Hz), 0.89 d (J =6.6 Hz), 0.86 d 

(J = 6.8 HZ) . 

Example 34 

fOTHpoynd PD042 



% NMR (CD3OD) 6: 8.12 d (J = 7.9 Hz), 5.92 dd (J = 8.1, 

15.5 HZ), 5.57 dd (J = 7.6, 15.4 Hz) , 5.46 dd (J = 9.4, 

14.9 Hz) , 5.43 dd (J = 7.7, 15.2 Hz) , 4.48 m, 3.84 q 

(J - 7.3 HZ), 2.81 dd (J = 6.4, 14.5 Hz), 2.74 dd 

(J = 6.1, 14.5 HZ), 2.59 m, 2.48 m, 2.06 s, 2.05 m, 1.90 m 

1.71 o (J = 6.7 HZ), 0.91 d (J = 6.0 Hz), 0.91 (J = 6.5 Hz), 

0.90 d (J = 6.1 HZ), 0.87 d (J = 6.7 Hz) . 
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Example 35 



SMe 
Isomer I 

* N*R (CD 3 OD) „ 8 . la d (J . ^ , ^ _ ? ^ 

5 £ A ' 14 ' 8 5 * 47 ^ CJ = 15 ' 2 5.40 « 

S ~ 3 7 HZ) ' 5 * 26 ^ ^ = ^ HZ >' 4 '« ** 

M dd V Hz) ' " 3 * 30 2 - 98 dd (j - 9 ' 3 ' "- 3 HZ,, 

2.73 dd (J « 6 .3, 13 . 3 Hz), 2.50 (J = 7.2 Hz), 2.42 

CJ - 6.9 HZ>, 2.28 (J = 7 .o Hz) , -2.x a , 1b98 s , ^ 

1.57 o (J = 6 .7 Hz) , 0.83 d (J - 6.8 Hz), 0.83 d 
10 (J = 6.7 Hz) . 



Example 36 

Compound frnr> g? 



CONH 2 

>H NMR (CD 3 OD, «, 8 . 26 MJ . , 8l) , 7 . 05 . ?>J 

(J - 8.0, X4.1 H 2 >, 5.55 dd (J - 10.0, 14.1 Hz), 4. 2 B m, 

(i t ? 2 \°> 2-78 2 - 35 "' 2 - 23 l '« 9 " 0.M d 
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Example 37 

egEBSHOa PD072 



O Me 



1 H NMR (CD3OD) 5: 8.63 d (J - 5.0 Hz), 8.16 f (J - 7.2 Hz), 
-62 d (J = 7.7 HZ), 7.50 m, 5.92 dd (J = 7.9, 15.3 Hz) 

57 dd (J = 7.6, 15.3 Hz) , 5.47 dd (J = 9.9, 16.5 Hz, , 5.43 



5 



dd (J - 8.1, 15.5 HZ), 5.02 



4.99 d (J = 14.5 Hz), 4.64 d 



(J=16.1*HZ), 3.84 B, 3.32 S, 2.8- 3.0 m, 2.09 S, 1.05m, 
1.70 m, 0.91 d (J - 6.7 Hz), 0.90 d (J - 6.6 Hz), 0.86 d 
(J - 6.9 HZ) , 0.83 d (J - 6.7 Hz) . 

Example 38 



*H HMR (CD3OD) «: 8.07 t (J = 5.2 HZ), 5.50 dd (J = 8.7 
15.2 HZ), 5.41 dd (J = 9.1, 15.3 Hz) , 3.63 m, 3.26 m, 3.06 
^ (J » 6.7, 10.7 HZ), 2.73 dd (J - 9.3, 10.5 Hz), 2.47 m, 
2.04 S, 2.00 m, 1.90 m, 1.6 - 1.8 m, 0.92 d (J = 6.7 Hz) , 

0.89 d (J - 6.7 HZ), 0.87 d (J « 6.8 Hz) , 0.83 d 

(J = 6.8 HZ) . 
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Compound r>nn ?? 



Example 39 



10 



15.5 Hz , 5.56 dd (J = 7.5. 15 . 4 H2)< B fld < e - 0 ' 

14.5 Hz), s.« dd (J - 8 . 2 , 15 . 4 Bs)< 4 . 54 < ^ 5 < 

■ — 6 - 4 ' «-S Hz), 2.74 dd (J . 6 ' * aa 

= 6 ' 4 0.90 d (J = 6. 8 HZ) . 



ComnnnnH tm- pg 



Example 40 



15 



^CO,H 



CONH, 

I" t ? 3 ° D> * : °- 23 a < j - ? - 9 h *>< 7 -" - ».»« >. 5 6i 

3.73 «. 3.36 «, 3.05 », 2 . 7 7 2 . 40 «, 1>M . 2 . 3S ' 
"- 2 HZ), 1.04 d (J - 6.8 Hz) . 
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Example 45 

r»mpr>tmd PD1S2 

Isomer III 

1 H NMR (CD3OD) «: 8.31 d (J - 8.0 HZ), 6.01 dd (J = 8.6, 

15.5 Hz) , 5.65 dd (J = 8.4, 15.3 BE), 5.46 dd (J = 9.0, 

15.5 HZ), 5.42 dd (J - 8.3, 15.2 Hz) , 4.53 m, 3.85 g 

(J = 6.7 HZ), 2.81 dd (J = 6.5, 14.1 Hz) , 2.75 dd 

(J = 6.1, 14.1 HZ) , 2.51 - 2.61 m, 2.45 dt (J = 13.4, 

7.9 HZ), 2.1 m, 2.06 s, 0.93 d (J - 6.6 Hz) , 0.90 s, 0.86 d 

(j = 6.7 Hz) (an epimer of PD142) . 

Example 46 

Compound PD162 



n^co,h 

s 



1 H NMR (CD 3 0D) «. 8.23 d (J = 8.0 Hz), 7.11 - 7.24 m, 5.43 
dd (J =7.9, 15.5 HZ), 5.36 dd (J =7.3, 15.3Hz), 5.33 dd 

(ff = 7.6, 15.4 HZ). 5.13 dt (J = 14.5, 7.2 Hz, , 4.52 m, 3.27 
g (J -7.5 HZ), 3.04 dd (J = 6.7, 13.6 Hz), 2.73 dd 

(J = 8.3, 13.6 HZ), 2.36 - 2.52 m, 2.24 q (J = 7.0 Hz), 

2.09 m, 2.04 S, - 1.9 m. 1-53 o (J = 6.7 Hz) , 0.79 d 

(J - 6.7 HZ), 0.788 (J = 6.8 Hz). 
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Compound pni 7? 



Example 47 



>H * <CD 3 OD, Sl 8 . 38 d (J . ,. 6 

s a ;.->•■■ 

3.15 m, 3.00 m, 2.92 s 2 7fl rtrt ,t ^ , 

(J = 5.9, 14 i Hz) \J\ ( = 3 ' H2) ' 2 ' 7 ° dd 

hzj # 2.56 m, 2.33 m, 2.09 m i fto ™ , ^„ 

- .-7 HZ,, 0.8 9 a (J = ... Hz, , 0.88 d (J « 6 " 

0.8Sd (J -5.5HZ,, 0.... <J 6 - 7HZ) - 

Example 48 

Compound FlflTT 



H » ,C D OD, 8 . 27 d (J . ... Hz) , . 7 . 25 „, 5 . 90 

w 1 Vo l; 15-5 H2 '' 5 - 57 dd (J - 7 - 7 < is -« «-)• 5 «° « 

15 3.81 , (J , ... 3 . 32 dfl (J _ b ^ is ? £ -. 

2-68 - 2 .82 ». 2 . 35 - 2.S1 ». 2 . lm , 2 . M s< ^ 
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Example 45 



rv^pfttind PD152 



10 



HS^ 

^ ° "1 

SMe 

Isomer III 



>H NMR <CD 3 OD, 6: 8.31 d V = *•* ■»>• ' «•« " ( /_" 
15.5 HZ). 5.65 dd (J - 8-4, 15.3 HZ). 5.46 dd (J - 9.0, 
15.5 Hz). 5.42 dd <a - 8.3, 15.2 Hz) , 4.53 .3 85 , 
(J = 6.7 HZ), 2.81 dd (J = 6.5, 14.1 Hz), 2.75 dd 
{3 = 6.1. 14.1 HZ). 2.51 - 2.61 ..< 2.45 dfc (J - 13.4. 

2.1 2.06 s. o.93d ta- 6.6 HZ, . 0.90 s. 0.86 d 
(j = 6.7 Hz) (an epimer of PD142) . 

Example 46 

gojBBfiHnd PD162 



1H NMR ,CD 3 00, «. 8.23 d „ - 8.0 Hz, ' 

- i-r^Hi;^^^.:; 7 ;.^.^;;:"^,, 

1! 09 »,Vo4 s. -1.9 1.53 o<,- 6.7 Hz, , 0.79 d 

( j z= 6.7 Hz) i 0.788 (J - 6.8 Hz). 
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Example 47 

H 2 N ^^y^%^>y N ^ COjH 

A o ^ 

SOjMe 

J H NMR (CD 3 OD) i: 8.38 d (J - 7 6 „,, 
» HZ,, 5.39 dd (J = 7 0 '' I I 5 HZ) ' S - 4S dd < J " 9.1, 15.4 

<* - ».i H 2) , 2 .5 6 2 B ! 8 2 f: 3 ( r 2 . ^vr-:- aa 

(J = 6.7 Hz), 0.89 d (J m * o «, i ' 1,68 0 

Example 48 

Compo,1nH ED182 

^ ° s 

SMe 

lH HMR ^ CD 3°D) *, 8.27 d (J - 8 .o „ z) ? „ ^ 



1.90 m, 0.83 s. 
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Example 49 



>H mm (CD 3 OD) «. 8.70 d (J - 5.3 Hz,, 8.39 « (3 - O.t. 

Hz,, 7.89 « (J = 8.! HZ). 7.8X t (3 - 6.2 Hz, 5 92 dd 
,3 - 8.4. 15.6 HZ), 5.56 dd (J = 7.7. 16.1 Hz), 5.47 dd 
(J - 9.8, 16.2 HZ), 5.42 dd (J =■ 7.9, 15.7 Hz). 4.76 d 
(J . 16.8 HZ), 4.60 d (3 = 16.8 Hz), 4.47 dd (J - 5,3, 
9 1 HZ) 3.84 q (3 - 7.4 Hz), 2.80 dd (J - 6.5. 12.9 Hz), 
/.74 1 <3 - 6 1. 12.9 HZ,, 2.42 - 2.66 
1.70 o (J - 6.7 HZ), 0.91 d (J = 6.9 HZ). 0.89 d 
(J - 6.9 HZ), 0.86 d (J - 6.8 HZ), 0.83 d (J - 6.7 Hz). 

Example 50 

o ?Tr pr.iipd PD202 



15 



20 



l H HMR (CD3OD) 6: 8.08 d (3 - 8.3 Hz, . i 5.92 dd ,3 - 9.2 . 
15.6 HZ), 5.57 dd (3 = 7.3, 15.5 Hz) , 5.49 dd (3 - 9.0, 
15 4 HZ 5.43 dd (3 - 6.0. 15.2 Hz,. 4.46 dd<3 - 4£ 
^ « 11 1 u 7 ) - 3.8 m, 3.76 dd 
3 -^.i, il-1 HZ,- - 3.65 2.55 - 2.90 1.95 1.70 
0.95 d (3 = 6.5 HZ). 0.91 d (3 - 6.7 Hz). 0.90 d 
(3 - 6.2 HZ), 0.89 d (3 - 6.1 Hz, . 
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Compound 



Example si 




lH (CD 3°°) *« 8.10 d (J = 8.6 Hz) 7 13 7 , 

1.98 s. 1 go „, , ,„ ' 3 * 2 Hz >' 2 -°5 a, 

<*- ... c. - ;.^ irr 0 " ■ s - 9 hs) - * 

Example S2 



0, 



15 



2 H NMR (CD3OD) 8 .07 d (j = 8 Hzl R „ ^ 

".1 HZ), 5.56 dd (J « 8 1 " "" ) ; 5 ' 92 dd (J * 8 - 0 ' 
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Example 53 




1 H NMR (CD3OD) f. 7.24 m, 7.19 m, 5.75 dd (J - 7.9 15.4 
HZ), 5.62 t (J - 10.4 HZ), 5.41 t (J = 10.6 Hz) . 5.30 dd 
(J = 7.6, 15.6 HZ), 4.29 «. 3.77 q (J = 6.5 Hz) , 3.59 q 
(J = 8.2 HZ), 2.94 a, 2.75 m, 1.5-2.0 m, 0.93 d 
(J - 6.7 HZ), 0.89 d (J - 6.7 Hz) . 

Example 54 



1 H HMR (CD3OD, 6: 8.22 d (J = 9.9 «) . '•*« 
dd (J - 7.2, 16.6 HZ) , 5.67 t (J = 11.1 HZ), 5.36 t 
(J - 11.1 HZ) , 5.08 dd (J - 8.1, 17.0 HZ), 4.48 3.71 q 
(J - 6.8 HZ) , 3.56 q (J - 6.8 Hz), 3.05 dd (J - 6.8, 
13.4 HZ), 2.83 q (J - 7.8 Hz) , 2.7 m, 2.47 ». 2.38 
2 .07 », 2.03 1.90 1.64 Oct (3 - 4.4 Hz), 0.90 d 

(J - 6.6 HZ), 0.86 (J - 6.7 Hz) . 
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Compound 



Example 55 




10 



lH ^ C CD 30D) 6: 8.11 d ( J = 8 . 2 Hz) - , 

(J = 7.9, 15 3 Hy v c L K ? * 26 7 ' 19 »< 5.99 

"•'■"««"":.:•:•" 

f* 8.4 H*>, 4.45 dd (J - 4.2, ,., Hl , , 3 . ss J 

S - : : £72; 7,7* (J - 6 - 9 ' »■« dd 
»... « 2-69 da (J ■ 6 - 2 - hz) - 

Example 56 

.Company t.^ ?11 



2.5 



l?n 7 3 . : <* - - - - - .... 

rj>r dd „ . 8 ; 0 5 ; - ; ; : « - - 
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Example 57 

1 H NMR (CD 3 0D) «: 8.36 d (J = 7.6 Hz) , 7.25 m, 7.16 m, 5.89 
7.4. 15.7 HZ), 5.55 «d = 6.8, 15.5 Hz) 1 1.45 dd 
5 {J 1 9.0, 15.5 HZ), 5.40 dd (J - 7.4, 15.5 Hz, , 4.48 », 4.16 
a (J - 7.1 Hz), 3.81 q (J - 6.9 Hz), 3.17 pent. 
(J = 7.1 HZ), 2.77 d (J = 7.3 Hz) , 2.75 dd <J = 6 8, 
X5.0 HZ), 2.68 dd (J = 6.0, 14.0 Hz) , 2 53 m, 2 45 m 
2.06 s, 1.89 m, 1.25 t ( J ■= 7.1 Hz) , 0.92 (J = 6.6 Hz), 
10 0.83 d (J - 6.7 Hz) . 

Example 58 

Compound PP361 

c 



0.88 d (J - 6.8 Hz) . 
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ComPQiiTi d PD3 71 



Example 59 




SK 





COjMe 

2 H NMR (CD3OD) 6: 8.21 d (j = g 1 Hz) 7 

... r ; v: 5 5 B2) - * <* - 

h Z ). 3.o, « ,» . ; 3 [: 3 - 57 dt < j - 

l- 5.6, 13 .3 Hz), 2.05 m, 1.97 s I „ , , 
«» " Hz). 0. 90 (J = ... H2) . S ' 1,89 »•»» " 

Example 60 

Compou nd pnim 




A H NMR CCD3OD) 5: 8 .06 d (J = 8 4 Hz) 

5.78 dd (J = 7 8 1 c r u \ } ' 25 7 * 18 »' 

z.73 « (J . i 9 f 2 ^ , I™ dd (J - hz,. 
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Example 61 

rv^pnund PD391 



SMe 



*H NMR (CD3OD) 6: 8.25 d (J = 7.7 Hz), 7.25 m, 7.16 m, 

5.89 dd (J - 7.4, 15.7 HZ) , 5.56 dd (J = 6.8, 15.5 Hz) , 

5.46 dd (J = 9.6, 16.2 Hz) , 5.40 dd (J = 8.0, 15.6 Hz) , 

4.48 m, 3.81 q (J - 6.6 Hz) , 3.17 pent, (J = 7.1 Hz), 2.77 d 

(J = 7.4 Hz) , 2.75 dd (J *= 6.8, 16.0 Hz) , 2.68 dd 

(J = 6.1, 14.2 HZ), 2.54 m, 2.46 m, 2.10 m, 2.07 s, 1.89 m, 

0.92 (J •- 6.6 Hz), 0.83 d (J - 6.7 Hz). 

Example 62 

Compound PD401 




X H NMR (CD3OD) 6: 8.26 d (J 



7.9 Hz), 7.23 m, 7.17 m, 5.81 



dd (J = 8.1, 15.6 Hz), 5.48 m, 5.32 dd (J = 7.8, 15.5 Hz), 
4.49 m, 3.80 q (J - 6.9 Hz), 3.06 dd (J =7.2, 13.9 Hz), 
15 2.80 ab m, 2.71 ab m, 2.53 m, 2.46 dd (J - 5.1, 8.1 Hz) 

2.39 », 2.37 m, 2.05 s, 1.89 m, 1.62 Oct (J - 6.5 Hz), 0.83 
d (J - 6.2 Hz) . 
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Compound Pn^ii 
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Example 63 



s 



A H NMR (CD3OD) 6: 8.38 d (J B 7 , Hy , ' 

15.3 Hz,, 5.53 dd < ffm 7 5 15 l 7 "^ 5 ' 89 dd < J - 8 ^ 

-.3 h 2) , 5 . 40 ddd ( (J = 7 ; 5 ; ' « C* - ,.«. 

(J - 3.1, 6.4 12 , ' ' 1 H2) ' 4 - 54 add 

da „ , y.s 13 9 " Z) L 3 -" * (J - Hz,, 3. 70 s , 2 . 83 

».« ».» 0 .': v, 4 ," <j - 6 -°- "-° *••« 

Example 64 

COffinrmr> ^ p D<ag ., 




2 H NMR (C D 3 OD) 6: 8 . 36 d (J . ? 

d * W - 6.4, 15.7 HZ>, 5 4 m 4 L 7 ' 16 5 - 93 
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Example 65 



gynthesis of Coropounq PD431 




Amine R030D was converted to analog PD431 using the 
same methods used above for the conversion of ester R024D to 
5 analog PD331. The following characteristic values may be 
obtained by nuclear magnetic resonance spectroscopy: 

X H NMR (CD 3 0D) Sz 5.60 dd (J = 7.4, 15.5 Hz) , 5.54 t 
(J - 10.0 HZ), 5.36 t (J «= 10.2 HZ), 5.14 dd (J - - 7.4, 
15.4 HZ), 3.79 t (J = 6.1 Hz), 3.11 m, 2.94 m, 2.86 dd 
10 (J - 5.4, 13.2 HZ), 2.78 q (J = 8.4 Hz) , 2.71 dd 

(J = 6.0, 14.2 Hz), 2.63 m, 2.14 m (J = 6.6 Hz) , 2.09 S, 
1.66 Oct (J - 7.0 HZ), 0.93 d (J - 6.6 Hz), 0.92 d 
(J = 6.7 HZ) . 



a H NMR (CD3OD) 61 8.24 d (J - 8.2 Hz), 8.17 d (J - 8.2 Hz), 
7.21 m, 7.15 m, 5.87 dd (J - 6.2, 15.6 Hz) , 5.79 dd 
(J - 6.9, 15.6), 5.55 m, 5.43 dd (J - 6.5, 15.7 Hz) , 5.40 dd 
(J = 7.3, 9.0 HZ), 5.33 dd (J - 7.8, 15.6 Hz) , 4.45 m, 3.78 
20 q (J - 6.6 Hz), 3.76 q (J «= 6.6 Hz), 3.28 m, 3.04 dd 



Example 66 



15 



Compound PD441 




SMe 
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(J - 7.2, 13.5 HZ), 2.96 dd (J = 10. 0, 13.2 Hz) , 2.87 m, 
2.73 m, 2.46 m, 2.39 m, 2.11 m, 2.03 s, 1.96 s, 1.08 d 
(J = 6.8 Hz), 1.05 d (J - 6.9 Hz). 

Example 67 
5 Synthesis of Pnm pound Pn^si 




COjMe 



Ester R031D was converted to analog PD451 using the 
same methods used above for the conversion of ester R025D to 
analog PD331. The following characteristic values may be 
obtained by nuclear magnetic resonance spectroscopy: 

2 H NMR (CD 3 0D) S: 7.27 m, 7.22 m, 5.84 dd (J = 7.8, 
15.6 HZ), 5.62 t (J = 10.4 Hz), 5.47 t (J = 10.1 Hz), 5.42 
dd (J = 7.0, 15.0 Hz) , 5.03 dd (J = 4.5, 10.3 Hz), 4.07 dt 
(J = 5.4, 9.4 HZ), 3.83 q (J= 6 .9 Hz), 3.63 s, 2.87 s, 2.00 
s, 0.97 d (J = 7.3 Hz), 0.93 d (J = 7.4 Hz). 

Example 68 

Amine ROOlA 

The solid hydrochloride salt of phenylalaninyl 
methionine methyl ester was added to a solution of aldehyde 
R020D (488 mg, 1.492 mmol) in THF (20 mL) . The mixture was 
stirred at room temp for 15 min until homogeneous. 
Triacetoxy sodium borohydride (1.392 g, 6.565 mmol) was 
added and the solution was stirred at room temp for 16 h. 
The reaction mixture was then diluted with ethyl acetate 
(100 mL) and water (50 mL) and the two phases were 
separated. The aqueous phase was extracted twice with ethyl 
acetate ( 20 mL) . Ethyl acetate extracts were combined and 
vashed with saturated aq sodium bicarbonate and then brine. 
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The crude product was purified FC (20 g SiO z ) (eluting with 
1:3 ethyl acetate : hexanes) . Amine R001A was obtained as a 
colorless oil (677 mg, 73%). 

1 H NMR (CD 3 OD) 6: 7.2 - 7.3 m, 5.6 br m, 4.67 m, 5.28 m, 
5 4.67 br m, 4.58 dd (J = 4.6, 8.8 Hz) , 3.69 s, 3.36 dd 
(J = 5.5, 7.9 HZ), 3.23 dd (J = 5.9, 11. B Hz) , 3 . 04 dd 
(J = 5.4, 13.7 HZ), 2.81 dd (J = 8.2, 13.6 Hz) , 2.69 dd 
(J = 4.6, 10.9 Hz), 2.34 - 2.45 m, 2.28 m, 2.07 - 2.10 m, 
2.05 s, 1.94 IU, 1.74 (s X 2, 6H) , 1.54 sept (J = 6.8), 1.44 
10 s, 0.85 d (J = 6.8 HZ), 0.82 d (J = 6.9). 

Example 69 

Acid R002A . 

A solution of lithium hydroxide (95 mg, 3.95 mmol) in 
water (3 mL) was added to a solution of amine R001A (245 mg, 
15 0.395 mmol) in dioxane (3 mL) . The resulting cloudy mixture 
was stirred at room temp for 15 min during which time it 
became homogeneous. The reaction was quenched by dropwise 
addition of 0.1 N HC1 (40 mL) until a pH of 5.7 was 
obtained. This aqueous solution was extracted four times 
20 with chloroform (40 mL) . The organic extracts were combined 
and washed with brine, dried over sodium sulfate and 
evaporated. The resulting residue was purified by reverse 
phase HPLC to give acid R002A as a white solid 
(332 mg, >100%) . 

25 *H NMR (CD3OD) <: 7.27 - 7.37 m, 5.30 br m, 5.37 br m, 4.85 
br s, 4.38 dd (J = 4.4, 9.3 Hz), 4.08 t ( J- 7.3 Hz), 3.35 
dd (J = 6.0, 11.8 HZ), 3.22 d (J = 7.8 Hz), 3.08 dd 
( j = 4.6, 12.2 Hz), 2.83 br s, 2.66 d (J =12.0 Hz), 2.41 m, 
2 14 - 2.29 m, 2.09 - 2.14 m, 2.04 s, 1.96 m, 1.78 s, 1.76 
30 s, 1.66 br m, 1.49 br s, 0.90 d (J = 6.6 Hz) , 0.86 br m. 
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Example 70 

Disulfide mii^ 

was "*T7 C * Ih0nnSaltenn Chl ° ride «>•«« —I) 

was added to a solution of acia E002A ,285 0 . 395 ^ 

S in HOAo ,io ml), DMF (1.25 mL) ana water (0.625 *L) 

I * " ^ 9radUa "y «» *° roo- temp. 

All volatiles were evaporatea unaer reaucea pressure and .->, 
residue was pur ifi ea by reverse phase „P L c to af ora 6 
10 disulfide R003A (237 mg, 78%) as a white solid. 

'H NMR (C D 3 OD) 6: 7.24 - 7.37 », 5.61 dd (J = 6.4, 15 4 Hz, 
5.44 dd - 9.8. 1S . 4 Hz) , 4 . 39 dd ( g . 4 • - « ) 

s, 1.98 „, 1.66 Sep (J =. 6.6 HZ), 1.45 s, 0.90 d 
- 6-7 Hz), 0.86 d (J = 6.8 Hz). 

Example 71 

Thiol nn.» 

20 . 1 T ! 1 " n - bUtyl Phosphine (310 »g/ i.535 mmol, was added to 
20 = «lutlon of disulfide E003A ,23, mg, 0.30, W1) in 

(10 «.) ana H 2 0 (1 ml,,. The solution was stirrea at roo, 
and P th 2 V ° latlleS W «™ «—d under reduoea pressure 

thzol R004A as an impure yellow oil (338 mg, >ioo% 
25 contaminated by tri-n-butyl phosphine) . 

>H NMR <CD 3 OD> 6: 8.6, d (J =. 8.6 Hz, , ,.2, - 7.36 m. 5.62 

m „I 6 ' 2 ' HZ) ' 5 " 39 " <J " 9 - 5 ' l5 - S »*>■ «•»• br 

4.06 . . 3.21 d (J . ,. 5 dd (J . 4 _ 

2.83 t (J . X2.4 HZ), 2.63 - 2.6, br m, 2.41 2.19 - 2 31 
30 m, 2.13 m, 2.04 s, 1.96 », 1.66 m, 1.46 s, 0.90 d 
(J = 6.7 Hz), 0.85 d (J = 6.8 Hz). 
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Example 72 



Compoun d PA0 41 



20 



25 



SNIe 

TFA (5 mL) was added to a solution of crude W-BOC- 
protected thiol R004A <338mg, 0.037 mmol) in dichloromethane 
(0.5 mL) and triethylsilane (0.5 *L) cooled in an ice-water 
bath. After the addition was complete, the cooling bath was 
removed and the solution was stirred at room temp for 1 h. 
All volatiles were removed under reduced pressure and the 
residue was purified by reverse phase HPLC. After 
lyophilization, analog PA041 was obtained as a white powder 
(109 mg, 51%). 1H NMR (CD3OD) 6: 7.27 - 7.36 m. 5.73 dd 
J = 8.7, 15.5 HZ), 5.67 dd (J - 6.9, 15.4 Hz), 4.36 dd 
(j = 4.4, 9.4 HZ), 4.13 dd (J = 6.1, 8.6 Hz) , 3.89 q 
(J = 6.6 HZ), 3.23 dd (J = 5.9, 13.6 Hz) , 3.19 dd 
(J = 8.4, 13.4 Hz), 3.13 dd (J = 5.3, 12.4 Hz) , 3.00 dd 
(J = 9.7, 12.3 HZ), 2.89 dd (J = 6.0, 14.0 Hz) , 2.83 dd 
(J = 6.1, 14.5 HZ), 2.37 m, 2.21 m, 2.12 m, 2.03 s, 1.96 m, 
1.77 o (J — 5.7 HZ), 0.95 d (J = 6.8 Hz), 0.90 d 
(J = 6.8 Hz) . 

Example 73 

EiSi iit^ b on yl s Ul£ en yl chloride „. -» 

was added to a solution of a»ine R.01A ,250 ng. 0.403 ^ 
in HOAC ,8 inL) , DMF (1 «L> . and water (0.5 ab) at o C. The 
Solution was stirred for * n, during which «« rt was 
"lowed to gradually »™ to roo» tenp. All volatrles were 
rLved under reduced pressure and the residue was punfxed 
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s ;rj^-- T - — - v. - - 

Example 74 

10 Thiol Bona 

UO >L, ana water (1 «j . The solutio „ m » » » 

temp for 2 h vnutn«. a at room 

N ™ (CD =° D » «» '-2' - 7.38 5 . 62 dd (J _ , 6 

». •r 1 r , . ,j ," i5 - 4 - <j - t.Vs 

2 3D > \ no ( 6 ' 8 HZ) ' 2 ' 40 *< 2.20 - 

2.30 m, 2.08 m, 2.03 s 1 91 m i « 

/ j _ « , „ % ' 93 1 * 67 m ' L47 s, 0.90 d 

- 6 ' 7 ) ' 0-86 d (J = 6 . 8 „ 2) . 

Example 75 

25 Compotmrt p*n 01 




SMe 
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TFA (10 mL) was added to a solution of crude BOC- 
protectected R006A (235 mg, 0.311 mmol) in dichloromethane 
(1 mL) and triethylsilane (1 mL) cooled in an ice-water 
bath. After the addition was complete, the cooling bath was 
removed and the solution was stirred at room temp for an 
additional 3 h. All volatiles were removed under reduced 
pressure and the residue was purified by reverse phase HPLC. 
After lyophilization, compound PA091 was obtained as a white 
powder (115 mg, 52%). 

*H NMR (CD 3 OD) St 7.26 - 7.37 m, 5.74 dd (J - 8.7, 15.5 Hz) , 
5.67 dd (J - 6.8, 15.5 Hz), 4.44 dd (J = 4.6, 9.3 Hz) , 4.13 
dd (J = 5.6, 9.2 Hz) , 3.90 q (J - 6.3 Hz) , 3.66 s, 3.24 dd 
(J = 5.6, 13.4 HZ), 3.16 dd (J = 9.3, 13.4 Hz) , 3.09 dd 
(J = 5.5, 12.3 HZ), 3.01 dd (J « 9.5, 12.2 Hz) , 2.89 dd 
(J - 5.9, 14.3 HZ), 2.83 dd (J = 6.2, 14.3 Hz), 2.37 m, 2.24 
«, 2.04-2.12 m, 2.03 s, 1.93 m, 1.78 o <J - 5.6 Hz), 0.96 d 
(J -■ 6.7 HZ), 0.91 d (J = 6.8 HZ). 

Example 76 

Moi-hyl amine R007A 




R007A 

R008A 

Methyl iodide (54 mg, 0.377 mmol) was added to a 
solution of amine R008A (226 mg, 0.343 mmol) in DMF (5 mL) . 
The resulting mixture was stirred for 1 h at room temp. 
Sodium bicarbonate (32 mg, 0.377 mmol) was added and the 
resulting suspension was stirred at room temp for 24 h. Two 
percent aqueous sodium bicarbonate solution (50 mL) was 
added and the mixture was extracted four times with ethyl 
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acetate ,20 „1, . The acetate extracts were combined, washed 
by brme, and dried over sodiu m sulfate. The volatiles were 

wa e r::taL n eT ' °" 

was obtained. It was purified by FC (eluting with 1:1 ethyl 

ace, ate:h . The desirea anine W. 

47%) was obtained as a colorless oil. 

T,T. nfb e: 7 - 19 dd <J = °- 7 - <- 9 6 - 87 - -. 

5.30 . br ». 4. 84 br 4 . 47 br m> 3 ?1 3 m ^ 
3.27 3.36 a,, 2.90 - 3.12 br n,, 3.09 dd (J = 5.8 14 e Hz, 

111 :-2 2 ;r b dd fJ = 5 - 4 - 12 - 4 H2) ' 2 -" d " " 

0.87 d (J b 5. 9 H2)i 0-83 fl (J _ is ^ 
Example 77 



Comnnn nd PMi) 




5 75 M (J - 9.2, 15.5 ■«, , 5.65 dd (J = 7.4, 15.6 Hz) , 4.48 
« (J = 5.0, 8.8 HZ,, 4.11 br t (0 - 6.8 Hz,, 3.89 dd 

(J - 5.6, 12.4 Hz,, 2.91 - 3.05 », 2.95 s, 2.87 dd (J = 6 0 
« 14 3 Hz) 2.82 dd (J . 6.2. 14.3 Hz, , 2.33 - 2.43 . 2.2 l a [ 
1.79 n, 0.97 d (J = 6.8 Hz), 0.92 d (J - 6.8). 
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Example 78 



compound PA021 



SOjMe 



*H NMR (CD3OD) 6: 7.34 dd (J = 2.1, 4.1 Hz) , 6.99 - 7.01 m, 
5.81 dd (J = 9.4, 15.6 HZ). 5.67 br m, 4.43 dd (J - 5.1, 
8.7 HZ), 4.07 br m, 3.89 dd (J = 6.4, 13.4 Hz), 3.71 s, 
3 51 br m, 3.12 - 3.30 br m, 2.77 - 3.02 br m, 2.95 s, 
2.49 br, 2.37 m, 2.21 m, 1.81 m, 0.97 d (J = 6.8 Hz) , 0.92 d 
(J - 6.8 Hz) . 

Example 79 

Compoun d PA031 



5\ Hn t C0 
^ 0 S 



.COjH 



*H NMR (CD3OD) 5: 7.30 dd (J = 1.7, 4.0 Hz) , 6.96 m, 5.71 dd 
(J = 9.5, 15.4 HZ), 5.60 dd (J = 7.6, 15.8 Hz) , 4.44 dd 
(j « 4.4, 9.1 HZ), 3.98 bm, 3.86 q (J = 6.5 Hz) , 3.45 dd 
(J = 7.4, 14.7 HZ), 3.38 dd (J «= 6.4, 14.8 Hz), 3.07 dd 
(J = 4.9, 11.9 HZ), 2.92 bt (J = 10.7 Hz) , 2.85 dd (J = 5.9, 
13.9 HZ), 2.80 dd (J = 5.9, 13.9 Hz), 2.47 ddd (J - 5.1, 
8.0, 13.1 Hz), 2.34 m, 2.16 m, 2.07 s, 2.02 m, 1.76 o 
(J = 6.4 HZ), 0.96 d (J = 6.7 Hz) , 0.92 d (J = 6.8 Hz) . 
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Example 80 

Compo und Pa05J 



: H H ]J | 



*H NMR ,CD 3 0D, 6: 5.75 dd (J - 9.2. 15 . 5 „ 2)< 
»- 7.5, 15.6 HZ), 4.65 dd ,j . 4.4, ... B Z> , 3. 89 , 
(J " 6.6 HZ), 3.76 d (J = 4.8 Hz) , 3.08 dd (J = 5.S, 12 4 
HZ, 3.03 dd „ = 8.5, 32.5 Hz, , 2.67 d (J = 6.2 Hz , 2 4 
«- (J - 5.2, 7.9. 13 .3 Hz, , 2.54 dt (, = 33.5, 7.8 Hz,, 
2.39 2.24 2.20 s, 2.03 s, 1.83 o (J = 6.2 Hz,, 16 . 

(J ■= 6.9 Hz,, 0.93 d (J = 6.8 HZ). 

Example 81 

Compound Mn«i 



^ ° N 

SMe 

X H NMR (CD 3 OD) *: 5.73 dd (J = 9.2, 15.6 H 2 ), 5.64 
(dd J- 7.9, 16.0 Hz) , 4.65 dd (J - 4.2, 9.8 Hz), 3.89 a 
(J «= 6.5 Hz), 3.73 d (J = 5.4 Hz), 3.07 », 2.87 d 
(J « 6.1 Hz), 2.65 ddd (J = 5.1, 7.6, 12. 7 Hz), 2.56 dt 
J - 13.3, 7.7 HZ), 2.40 m, 2.28 m, 2.11 s, 2.05 m, 1.82 o 
J = 6.2 Hz), 1.18 d (J = 6.9 HZ), 1.07 d (J = 6 . 8 H z, , 0.99 
(J = 6.7 Hz), 0.93 d (J = 6.8 Hz). 
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Example 82 



Propound PR071 




SMe 



*H NMR (CD3OD) Si 7.31 », 6.96 - 7.00 m, 5.80 dd (J = 9.4, 
15.5 Hz) , 5.65 dd (J = 7.6, 15.4 Hz), 4.40 dd (J=4.5, 
9.1 HZ), 4.06 br m, 3.88 dd (J = 6.4, 13.5 Hz) , 3.45 - 3.57 
m, 3.10 - 3.27 m, 2.72 - 2.89 m, 2.79 br s, 2.41 - 2.47 m. 
2.33 m, 2.13 m, 2.05 s, 2.00 m, 1.77 m, 0.95 d (J = 6.8 Hz), 
0.91 d (J - 6.8 Hz) . 

Example 83 

Pmnpound PA081 



SMe 



*H NMR (CD 3 OD) 5: 7.31 dd (J = 2.6, 3.7 Hz) , 6.97 m, 5.71 dd 
9.2, 15.4 HZ), 5.63 dd (J = 7.3, 15.4 Hz) , 4.51 dd 
.06 bm, 3.87 q (J = 6.4 Hz), 3.70 S, 
5.1, 11.9 Hz), 2.98 bt (J - 10.9 Hz) , 
HZ), 2.81 dd (J = 6.6, 14.7 Hz) 



(J 

(j = 4.6, 9.2 Hz) , 4. 
3.43 m, 3.09 dd (J 
2.87 dd (J = 6.2, 14. 



ddd (J 
1.78 o 
Hz) . 



- 5.4, 7.7, 13.1 HZ) , 
(J = 6.3 HZ) , 0.99 d 



2.47 

2.35 m, 2.13 m, 2.06 s, 2.00 m, 
(J = 7.5 HZ) , 0.93 d (J = 6.8 
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CofflponnH v*-^ 



Example 84 




H HMH < CD OD, S.73 dd (J = 9 . 2 , ls . s Hz)i S 63 dd 

* = "i T ' 3-73 s> 3 ' 73 d (J - 4 Hz '' 3 -° s o 
£ : 6 ; 4 : V 2 Hz) ' 2 - 40 2 - 25 »•» -. ^ ». x. 82 o 

-^,^ 9 -^!-:.-:-° 7d 

Example 85 

Compound t>^ M1 




5 \TJTf > : 7 - 34 dd (j - 2 - 3 - 4 -° h *>- «■« - 

« « « V ' 1S-S H21, 5 - 65 dd (J - 7 - 5 - is -« «.»• 

(» - 6-2. 13.3 HZ), 3.41 - 3.49 », 3.16 dd (J = 5.4, 12 3 

« (J - 6.2, 14.3 HZ,, 2.45 - 2.1 9 », 1. 78 n , „.„ „ 
(J = 6.7 Hz), 0.91 d (J = 6.8 HZ). 
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Example 86 



Compound PA121 




SOjMe 

*H NMR (CD3OD) Sz 7.32 dd (J =1.6, 4.6 Hz), 6.97 - 7.01 la, 
5.80 dd (J = 9.4, 15.6 HZ), 5.65 dd (J = 7.7, 15.6 Hz) , 4.35 
5 dd (J - 5.0, 8.5 Hz), 4.05 br m, 3.88 dd (J - 6.3, 13.4 Hz), 
3.46 - 3.56 m, 3.11 - 3.30 br m, 2.78 - 3.03 m, 2.95 S, 2.35 
- 2.48 m, 2.23 m, 1.78 m, 0.96 d (J = 6.7 Hz), 0.91 d 
(J = 6.8 Hz) . 

Example 87 

10 Compound Pftl31 




J H NMR (CD3OD) 5: 7.34 dd (J = 1.4, 4.9 Hz) , 6.97 - 7.00 m, 
5.81 dd (J = 9.4, 15.6 Hz) , 5.70 dd (J = 7.3, 15.8 Hz) , 4.45 
dd (J = 4.7, 9.3 Hz), 4.16 br m, 3.89 dd (J = 6.3, 13.4 Hz), 
3.69 s, 3.54 br d (J = 6.5 Hz), 3.29 br, 2.88 br s, 2.80 - 
15 2.89 m, 2.51 br, 2.42 m, 2.28 m, 2.10 m, 2.04 s, 1.97 m, 
1.78 m, 0.97 d (J = 6.8 Hz), 0.92 d (J = 6.8 Hz). 
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Example 88 

Compou nd pahi 



^ 0 \ 

*H NMR (CD 3 OD, 5.75 dd (J = 9 . 2f 15 . 6 Hz) # 5 . 66 d(J 

" ? * 4 ' 15 - 5 H2 >' 4 ' 7 1 *» ^ - 4.4, 9.8 Hz) , 3.89 q 
(J = 6.5 Hz), 3.80 d (J = 4.7 Hz), 3.73 s, 3.06 d 
(J « 7.2 HZ), 2.88 dd (J = 6.1, 14.2 Hz), 2.84 dd 
(J = 6.2, 14.1 HZ), 2.63 ddd (J = 5.4, 7.6, 13.0 Hz) 
2.54 dt (J = 13 .6, 7.6 HZ), 2.41 m, 2.20 m, 2.09 s, 2.02 m 
1.81 o (J = 6.3 HZ), 1.66 m, 1.36 m, 1.02 d (J « 6.9 Hz) 
0.99 d (J = 7.0 HZ), 0.96 d (J = 6.6 Hz), 0.91 d 
(J = 6.8 Hz) . 

Example 89 

Broraoolef ins pnn^w 

Sodium hydride (250 mg, 10.4 mmol) was added to a 
solution of L-(-) -methyl a-hydroxy-/?-phenyl propionate 
(3.6 g, 20 mmol) and 1,3-dibromo propene (8.24 g, 41 mmol) 
xn CH 3 CN (60 mL) under argon at ambient temperature 
Additional quantities of sodium hydride (650 mg, 27 mmol) 
were added batchwise at 2, 6, and 20 h. TLC (1:4 ethyl 
acetate:hexanes) showed complete consumption of starting 
material 5 h after the final sodium hydride addition The 
resulting brown mixture was quenched with brine and 
extracted with ethyl acetate. The extract was dried with 
brine, dried with MgS0 4 and evaporated to give 5.7 g of 
crude product. Purification by FC (eluting with 1:9 ethyl 
acetate:hexanes) afforded the desired bromoolefins R002E 
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(3.68 g, 62%) as a mixture of cxs:trans olefins in a ratio 
of approximately 1:1. Separation of the olefin isomers could 
be achieved by more exhaustive chromatography. A small 
amount of alkyne derived from elimination of the desired 
5 bromoolef inic products was also isolated (136 mg, 3%) . 

*H NMR (CDC1 3 ) 6 cis isomer: 7.31 - 7.22 m , 6.24 m, 6.13 m, 
4.23 m, 4.13 - 4.09 m , 3.74 S, 3.1 - 2.9 m. 

*H NMR (CDCI3) S trans isomer: 7.33 - 7.21 m, 6.20 - 6.10 m, 
4.1 - 4.0 m, 3.80 dd (J - 5.6, 13.2 Hz) , 3.73 S, 
10 3.09 - 2.95 m. 

l H NMR (CDCI3) 6 alkyne: 7.31 - 7.21 m, 4.38 dd (J = 5.1, 

7.6 Hz), 4.26 dd (J = 2.4, 16.1 Hz) , 4.15 dd (J = 2.4, 
16.1 HZ), 3.72 S, 3.1 - 3.0 m, 2.39 t (J ~ 2.4 Hz) . 

Example 9 0 

15 Alcohols R003E . 

A mixture of bromoolef ins R002E slightly enriched in 
the trans isomer (cis: trans ratio =2:3) (2.533 g, 

4.7 mmol), aldehyde R015D (3.9 g, 15.9 mmol) and a stirring 
bar in a 250 mL flask were dried on a vacuum line for 2 h at 

20 room temp and then placed under an argon atmosphere. DMSO 

(130 mL), freshly distilled from CaH 2 , was added by cannula 
under argon pressure. The mixture was placed in a dry box, 
then CrCl 2 (9 g, 73 mmol) and Ni(COD) 2 (90 mg, 0.32 mmol) 
were added with stirring. The resulting mixture was stirred 

25 for an additional 3 d, then quenched with ammonium chloride 
solution and extracted with ethyl acetate (6 x 150 mL) . The 
extract was washed with ammonium chloride solution, dried 
with MgSO, and evaporated to give 5.95 g of crude product. 
Purification by FC (eluting with 1:3 ethyl acetate :hexanes) 
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furnished the desired alcohols E003E ,2.51 g, 64%, as a 
1:2.3 mixture of diastereomers . 

Both diastereomers appear to oontaln a trans olefin 
Moreover similar mixtures of trans products are obtaJned 
irrespective of the configuration, s, of the starting 
bromoolefins. g 



' H >MR (CDC1 ^ " 7 " 3 - ». 5.7 - 5.6 a, 4.45 br 
br a, 4.1s . 4 . 0 Mi 3-85 ^ 3 ?2 s anfl (ratio";,;",' 

3.07 - 2.99 a. 2.86 ». 1 •,« . — ., . . . _ 1 - 2 - 3 ). 



4.34 



86 a, i.78 s and 1.76 s, l.so s and 1.46 
Example 91 

Irifluoroa^ c i- a <-^ r,„„, r 

triethv^ 1U0rOaCetiC "°" anhydride < 5 "" 9. ".5 aaol, and 
trietbylamine ,3.96 g. 39.2 mmol, were added at room temp to 
absolution of alcohol hooie ,2.40 g, 5.16 BB0l) 
CHjCl, ,80 mL). The mixture was stirred for 3 - 4 h and then 
guenched with brine, evaporated to remove CH 2 C1, and 
partitioned between ethyl acetate and water. Ve organic 
layer was separated and dried with „gso 4 , filtered, and 
evaporated to afford the crude product ,5.6 g, . Purification 
by PC (eluting with 1:3 ethyl acetate : hexanes',' furnished 
trifluoroacetates E004E ( 2.53 g, 87%) as a mixture of 
alcohol diastereomers. 



55 



NBR (CDC1 ^ f: 7 - 3 - '-a 5-B3 „. 5 . 72 n< 5 . 65 
br m, 4 2 - 4.0 m, 3.85 br a , 3.73 s and 3.70 s (in the 

ratio Of 1 / 2.3,. 3.11 - 2.95 m. 2.75 », 2.76 - 2.63 m , 
1.47 s and 1.45 s . 

Example 92 

Ester Rongp 

cuprous cyanide ,1.84 g, 20.5 mmol, and a stirring bar 
were heated with a heat gun under vacuum for 10 ain. Freshly 
distilled THF ,150 mL, was added by syringe and the * 
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resulting suspension was cooled to -60 °C. A 2 M solution of 
i-PrMgCl in ether (18 mL, 36 mmol) was injected and the 
mixture was stirred for 10 min. The dry ice bath was then 
replaced with an ice/water bath. Stirring was continued for 
5 an additional 1.5 h at which time the reaction mixture had 
become very dark. 

The mixture prepared above was cooled to -78 °C and 
trifluoroacetates R004E (2.26 g, 4.03 mmol) dissolved in 
freshly distilled THF (20 mL) were added dropwise over 6 
10 min. 20 min later the reaction mixture was quenched with 

saturated aqueous ammonium chloride and extracted with ethyl 
acetate. After drying the organic extracts with MgS0 4 , 
filtration, and evaporation of solvent, a crude product was 
obtained (2.1 g). Purification by FC (eluting with 8% ethyl 
15 acetate thexanes) gave the desired esters R005E (1.638 g, 
50%) as a mixture of diastereomers in a ratio of 93:7 as 
determined by HPLC. 

1 H NMR (CDC1 3 ) 6z 7.27 - 7.20 m, 5.6 dd (J = 7.3, 15.1 Hz) , 
5.42 m, 4.75 br S, 4.0 dd (J = 4.8, 8.2 Hz) , 3.71 S, 3.58 dd 
20 (J = 6.2, 9.0 HZ), 3.25 - 3.15 m) , 3.0 - 2,9 m, 2.51 m, 2.05 
m, 1.77 S, 1.70 m, 1.45 s, 0.79 d (J = 7.2 Hz), 0.77 d 
(J = 6.9 Hz) . 

Example 93 

Affid R006E 

25 A 0.78 M solution of LiOH (19 mL, 14.4 m mol) was added 

to a solution of methyl ester R005E (694 mg, 1.41 mmol) 
stirring in dioxane (20 mL) at room temp. The mixture was 
stirred overnight until TLC confirmed the disappearance of 
starting material. The solution was acidified with 0.5 N HCl 

3d and extracted with ethyl acetate. The organic layer was 
dried with MgS0 4 , filtered, and concentrated to a crude 
product. The desired acid R006E (646 mg, 96%) was obtained 
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:=":i t :r fication by pc <eiutin9 with 1:4 

15.0 H*), 4.65 br B, 3.92 m, 3.66 m 3 21 » 3 , . , 
Example 94 

«t (21.7 rag, o.ie mmol, and a stirring bar were D i acP( , i 
a flask and dried under vacuum for 15 J» IJ 

and Methyl morpholine (19 7*1 a L \ "* (4 ' 5 

svri . nno * P M (19 * 2 ffl 9, 0.19 mmol) were added by 

syringe. The resulting mixture was stirred for 18 h thl 
Partitioned between ethyl acetate and brine ^ 

fSL^T a W nT r * ^ ° r9anlC «- ^ 

oil Mno ? concentrated to afford a light yellow 

acetate ^ ' PUriflCati ° n ** « fluting with 3 ! 7 eLyl 
acetate: hexanes, afforded the desired tert-butyl ester 
R007E quantitatively. Y r 

id r T' l3) " - ? * 13 »' 6 - 95 d - »*), 5.65 

dd (J = 3 . 4/ 6.3 Hz,, 3.54 dd (J = 5 .4, 8 6 Hz! * ,1 IT 

» s - .... s.9 H2) , 3 . 22 dd CJ . 5.9, -L" ; d d 

* = .4, 13.9 HZ,, 2 . 89 dd (J - 6.7, 13 . 9 Hz,, 2 .55 d 
<* - H.5 HZ,, 2 . 03 s, 1.9 - 1.6 m, 1.85 - 1 50 m, 1.75 s 
1.45 s and 1.43 s, 0.86 - 0.71 m. ' 



15 



2 0 
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Example 95 

nSgnUHde R008E 

Methoxycarbonyl sulfenyl chloride ( 11.7 mg, 
0.093 mmol) was added to a solution of tert-butyl ester 
5 R007E (47.2 mg, 0.071 mmol) in 20:2:1 H0Ac:DMF:H 2 0 (1.2 mL) 
at 0 °C. The mixture was warmed to room temp and then 
stirred for 1 h. After removal of all solvents under 
vacuum, the crude residue was purified by preparative 
reverse phase HPLC to afford the desired disulfide R008E 
10 (41.5 mg, 81%) . 

!H NMR (CDC1 3 ) *: 7.3 - 7.2 m, 7.06 d (J = 7.8 Hz) , 5.58 
-5.41 m, 5.18 br m, 4.54 m, 4.51 br m, 3.99 dd (J - 3.5, 
7.0 HZ), 3.89 S, 3.54 dd (J = 5.0, 9.2 Hz) , 3.40 m, 3.14 dd 
(J = 3.4, 14.1 HZ), 3.01 br m, 2.91 dd (J = 7.1, 14.1 HZ), 
15 2.20 - 1.90 m, 2.04 S , 1.90 - 1.65 m, 1.46 s, 0.82 d 
(J « 6.8 HZ), 0.79 d (J - 6.7 Hz) . 

Example 96 

Thiol R009E, 

Tri-n-butylphosphine (81.2 mg, 0.040 mmol) was added to 
20 a solution of disulfide R008E (33 mg, 0.046 mmol) dissolved 
in THF (0.8 mL) and water (27 mg, 1.48 mmol). After stirring 
for 2 h at room temp, the mixture was evaporated to dryness, 
dissolved in CH 3 CN (2.5 mL) and purified by preparative 
reverse phase HPLC to afford the desired thiol R009E 
25 (25.7 mg, 89%) . 

*H NMR (CDCI3) fit 7.34 - 7.14 m, 6.99 d (J — 8.3 Hz), 5.47 
dd (J = 8.6, 15.4 HZ), 5.34 dd (J = 5.5, 15.4 Hz) , 4.93 d 
(J = 8.6 HZ), 4.51 m , 4.31 br m, 3.95 dd (J = 3.5, 6.7 Hz), 
3.52 dd (J = 4.9, 9.2 Hz) , 3.38 a , 3.12 dd (J = 3.4, 
30 13.9 HZ), 2.89 dd (J - 6.8, 14.0 Hz), 2.69 - 2.67 m, 2.20 - 
1.90 m, 2.12 s, 1.81 m, 1.66 m, 1.45 br s, 0.82 d 
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(J - 6.9 Hz), 0.80 d (J = 8.5 Hz) . 

Example 97 

Compounri PPnii 




H ». ( CD 3 0D, „ 7.98 d (J - 6.1 7.1. - 7.28 ». 5.84 

r« J 15-9 H2) ' 5 - 47 dd <J = 7 - 9 - is - s *■« 

4.W dd CJ - 4.4. 7.0 HZ), 3.82 , (J = 6 .7 Hz) , 3 . 72 

» V, ' 9-3 H2) - 3 - 45 dd (J - 6 - 9 < 9 - 2 '•»« « 

J = 4.2. 14.0 HZ). 2.79 dd (J - 6 . 0 , 14.1 Hz) , 2.70 dd 

10 Z = !'!' H2) ' 2 - 26 »• 2 "° 3 = < »•»» 1-73 o 

10 (J - 6.7 Hz). 0.87 d (J = 6.9 Hz, , 0.84 d (J = 6.7 Hz, . 

Example 98 



Compoun d pro? i 



SMe 



Thiol R009E (13 mg, 0.0208 mmol) was dried under 
vacuum, then TFA (0.76 mL) and Et 3 SiH (0.24 mL, were added 
at 0-c under argon. The mixture was stirred for 3 h, then 
evaporated to dryness, dissolved in of CH 3 CN (2 mL)and 
purified by preparative reverse phase HPLC to furnish pure 
analog PE021 (10.6 mg, 84%). 
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*H NMR (CD3OD) 6: 7.85 d (J = 8.1 Hz), 7.15 - 7.28 m, 5.85 
dd (J - 9.1, 15.4 Hz) , 5.47 dd (J = 7.7, 15.5 Hz) , 4.56 dd 
(j = 4.6, 8.2 Hz) , 4.02 dd (J = 4.1, 7.1 Hz) , 3.81 q 
(J = 3.81 HZ), 3.61 dd (J = 4.6, 9.3 Hz) , 3.47 dd 
(J = 6.8, 9.3 HZ), 3.08 dd (J = 4.0, 14.0 Hz) , 2.92 dd 
(J = 7.2, 14.1 HZ), 2.78 dd (J = 6.0, 14.2 Hz) , 2.69 dd 
(J = 6.4, 14.2 HZ), 2.27 m, 2.03 s, 1.90 m, 1.73 o 
(J = 6.8 HZ), 0.87 d (J — 6.8 Hz), 0.84 d (J = 6.7 Hz). 
Example 99 

Compound PE031 



^ 0 s 

SOgMe 

*H NMR (CD3OD) 6-. 7.95 d (J = 8.0 Hz), 7.20 - 7.30 m, 5.85 
dd (J = 9.2, 15.6 HZ), 5.47 dd (J = 7.8, 15.4 Hz) , 4.56 m, 
4.04 dd (J = 4.2, 7.0 HZ). 3.82 q (J = 6.6 Hz) , 3-63 dd 
(J « 4.7, 9.3 HZ), 3.47 dd (J = 7.0, 9.3 Hz) , 3.09 dd 
j . 4.1, 14.1 HZ), 2.96 m, 2.93 s, 2.76 - 2.84 m, 2.70 dd 
(J = 6.3, 14.1 HZ),. 2.32 m, 2.11 m, 1.73 o (J = 5.8 Hz), 
0.87 d (J = 6.9 HZ), 0.84 d (J = 6.7 Hz). 

Example 100 

Ponipound PE041 

^ ° N 

SMe 

A small sample of PE201 (3.0 mg, 0.0051 mmol) in CD 3 OD 
was left on the bench at room temp and oxidized by ambient 
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oxygen. The solution was evaporated and purified by 
preparative reverse phase HPLC to afford analog p E0 41 
(1.18 mg, 40%) . 

*H NMR (CD 3 OD) „ 7.18 - 7.28 a, 5.94 dd (J - 9ml 15 5 _ 

5.53 dd (J - 7 .e, 15 . 6 „ 2) , 4 . 51 dd (J . < h*>, 

4.05 q (J = 7 .1 „ 2) , 3 . 98 dd (J = ^ ^ ^ ^ 
£=4.4 9.4 Hz) , 3.50 dd ( J=5 .8, 9.3 Hz), 3.06 », 2.91 

2 22 dl I; H2) ' "° ^ ^ " 5 * 3 ' 8 - 6 ' H.). 

- e\ t 7 8 *°' HZ) ' 2 *° 6 »' 2 '° 3 S < »< o 

~ 6 ' 8 KZ) ' °- 86 d ^ " 6.8 HZ), 0.81 d (J = 6 .7 HZ). 

MS (FAB; M/Z, relative intensity): 937 (P + 1# 100 ) . 

Example 101 

CompounH 



COjMe 
SMe 

rj „: 15-6 H2) ' s - 45 dd (J - 7 - 7 ' 15 - 6 Hz >- «.« 

aa ,,„,.,, 15 . 6 HlU 3 .„ dd (J _ 5 5< a i 3.04 aa 
(J = «.». 13.9 Hz,, 2.91 dd {J . 7 . 4 , 13 . 9 H2)< 2 81 dfl 

(J - 7.0, 14.2 HZ,, 2.76 aa (J - ,. 2 , 13 . 2 H z) , 2.29 2 04 

:;^ 8 ,n Hzr o(j=6 - 5H2, ' o - 9id<j = 6 - 8 -- o: " ; 
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Example 102 



10 



Compoun d PE061 



SOjMe 

*H NMR (CD3OD) 5: 8.07 d (J = 8.1 Hz) , 7.20 - 7.30 m, 5.84 
dd (J = 9.2, 15.5 HZ), 5.47 dd (J = 7.8, 15.5 Hz) , 4.59 m, 
4.04 dd (J = 4.4, 7.0 HZ), 3.82 q (J -.6.6 Hz) , 3.74 s, 3.63 
dd (J = 4.8, 9.3 HZ), 3.46 dd (J = 6.9, 9.2 Hz) , 3.08 dd 
(J = 4.3, 14.1 HZ), 2.93 s, 2.77 - 2.84 m, 2.71 dd (J = 6.1, 
14.0 HZ), 2.30 m, -2.1 m, 1.74 o (J = 6.7 Hz) , 0.87 d 
(J - 6.9 HZ), 0.84 d (J = 6.8 Hz) . 

Example 103 



Bromide R001T 

Triphenylphosphine (2.30 g, 8.78 mmol) was added to a 
solution of carbon tetrabromide (2.96 g, 8.92 mmol) in 
CH 2 C1 2 (25 mL) at 5 The reaction was stirred for 10 min 

15 during which time it became dark yellow. A solution of 
alcohol R019D (1.281 g, 3.89 mmol) in CH 2 C1 2 (15 mL) was 
then added dropwise whereupon the reaction mixture became 
much lighter in color. The reaction was stirred at room 
temp for an additional 30 min, at which time TLC (eluting 
20 with 30% ethyl acetatethexanes) indicated incomplete 
conversion to product. Additional quantities of 
triphenylphospine (1.08 g, 4.12 mmol) and carbon 
tetrabromide (1.41 g, 4.25 mmol) were added to ensure 
complete conversion and the color of the mixture returned to 
25 dark yellow. After stirring overnight, the reaction mixture 
was washed with water, dried over MgS0 4 , filtered, 
concentrated in vacuo, and purified by FC, (eluting with 5% 
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10 



15 



ethyl acetate:hexanes, to afford bromide R001T (1 4 38 BO 
92%) as a colorless oil. U-438 mg, 

3 H HMR (CDC1 3 ) <: 5.69 dd (J = 7 ., „ 2 _.. . „ fc 

bs 3 47 dd (J . 5 . 3> 9 9 3 /o 1 ^% B l , ;,»-« 

1-82 ». 1.46 0 . 92 Q (J = 6 ? H2)> o 8s d (j _ ^ 

Example 104 

Potassium thioacetate (146 mg. i. 2B KM „ „ 

a solution of bromide E001T (M1 ng , 0 . 64 j£ ~ ^ d to 
U Mi,. After stirring at roc. temp for 1 h, oLpletf 

vacuo and purified by'rc ..x^^^, 8 ^"*- ^ 
acet ate:hexanes)> to affoM thioacetate W 

<272 mg, 100 %) as a yellow oil. 

Example 105 

Thiol Pnn ?T 

25 add./, la, " e " drle ' i POtaESlU, ° =»bcnate ,170 mg, 0.6 mmol, was 
25 added to a solution of thioacetate R002T (124 mg 0 3 mmolf 

zzt?::\trr* with ar9on <2 -> a - «- -c 0 ;^: 

stirred at room temp for 10 min. The reaction was aci(i ,-f „ 

30 Sulfide f "\ 6thyl aCetat - h ™, exhibited no 

dxsulf.de formation. The combined organic extracts were 
washed with brine, dried over Ha 

over Na 2 so 4 and concentrated in 
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vacuo. The crude product was purified by FC (.luting with 2% 
ethyl acetate:hexanes) to give the free thiol R003T (79 mg, 
72%) as a colorless oil. 

»H NMR (CDC1 3 ) Si 5.66 dd (J = 6.8, 15.3 Hz), 5.37 bm, 4.86 
5 bs, 3.29 dd (J - 6.1, 11.7 Hz) , 2.60 d (J - 11.4 Hi), 2.51 
m, 1.95 m, 1.76 s, 1.45 s, 0.90 d (J = 6.7 Hz), 0.86 d 
(J = 6.7 Hz) . 

Example 106 

M^gytate R008T 

10 Triethylamine (0.616 ml, 4.42 mmol) was added to a 

solution of methyl 2- (8) -hydroxy-3-phenylpropionate (0.5 g. 
2.76 mmol) in CH 2 C1 2 (10 mL) at 0°C, followed by dropwise 
addition of mesyl chloride (0.32 mL, 4.14 mmol). After 10 
»±n, the reaction was warmed to room temp. TLC (elutxng with 
15 10% diethyl ether:CH 2 Cl 2 ) indicated complete conversion to 
product. The reaction was partitioned between saturated ag 
NH 4 C1 (100 mL) and CH 2 C1 2 (100 ml) and then extracted with 
CH 2 C1 2 . The combined organic extracts were washed wxth 
brine, dried over Na 2 S0 4 and concentrated in vacuo. The 
20 crude product was purified by FC (eluting with 10% ethyl 

acetate-hexanes) to. afford desired mesylate R008T (614 mg, 
86%) as a colorless oil. 

1 H NMR (CDCI3) it 7.2 - 7.4 m, 5.17 dd (J = 4.2, 8.9 Hz) , 
3.80 s, 3.30 dd (J = 4.1, 14.4 Hz) , 3.13 dd 
25 (J = 8.9, 14.4 HZ) , 2.77 s. 
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Example 107 

Methyl pe ter Ron** 

added to a solution of thiol R003T (168 mg 0 502 mncv. „ 
mesylate R008T (260 mg i o amo-n • } 
fSlBT , . „. 9 ' mnol) ln ar 9° n degassed methanol 

(5 mL) and the reaction was i yr-*>* 

mT « was st irred at room temp for o 5 h 

disapp ^ WAth 3 ° % — — es, sl; c ffi i ; e 

disappearance of starting thiol R003T. The reaction was 

~h d vl by 3d t diti0n " °* 1 " HC1 - --led 

with ethyl acetate. The combined organic extracts were 
washed with brine, dried over Na SO anfi „ 1 
, r3< ^,„ mw er Na 2 so 4 and concentrated in 

vacuo The resulting crude product was purified by PC 
(elutmg with 5* ethyl acetate !h exanes, . tc affora .ethyl 
ester B004T (96 ng, 39%, as a colorles£ Qil ethyl 

15 ITJT-J' 7 - 18 ■ 7 - 30 5 - 63 dd (j ■ — »■>. 

' bS ' 3 " 67 «• 3 -« 3.48 *, 3.25 „. 3 . 18 m> 

2.94 B. 2.7! M, 2.57 „, 2 . 0 „, 1-4< s< „_„ fc 

Example 108 

Acid roost 

A solution of lithium hydroxide (45 „g, x. 89 ^ in 

rj 1 "'; 5 added to * of methyl ester »o.4X 

shirrs v mn0l) ln alOMne U mL ' and the — 
ItllT r 9 ° r0USly ° Verni ^" «* (eluting with 30* ethyl 
acetaterhexanes, indicated complete disappearance of 
starting oethyl ester R..4X. T he reactlon „ as acldifled 

fj; "" h ' HC1 ana exacted with ethyl acetate. The 
combined organic extracts were dried over Ha 2 S0 4 and 

crea7oil ted . h in V3CUO t0 9lVS R ° 0ST < 98 - * 

clear D1 1 The crude product was used in the next reaction 
directly without further purification. 

>H NMR (CDC1 3 ) S: 7.20 - 7.30 m, 5.55 dd (J - 6 . 3 , 
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15.2 Hz), 5.35 bin, 4.87 fa.. 3.45 >, 3.23 m, 3.18 m. 2.92 «. 
2.68 m. 2.56 m. 1.97 bm, 1.76 s, 1.65 m, 1.45 S, 0.86 d 
(J = 6.7HZ), 0.83 d (J - 6.8 Hz) . 

Example 109 

Mothyl ester R006.T ^. . 

A solution of acid ROOST (98 mg, 198 /a»ol) , methionine 
methyl ester hydrochloride (48 mg, 238 /xmol) . EDC (57 mg. 
297 ,001). HOBT (28 mg. 208 jxmol) and NMM <23mL. 208 ^aol) 
in DMF (2 mL) was stirred at room temp overnight. The 
reaction mixture was diluted with ethyl acetate (50 mL) . 
washed twice with water (50 mL) , P H 7.2 phosphate buffer 

(50 mL) and brine (50 mL) . The combined organic extracts 
were dried over Na 2 S0 4 and concentrated in vacuo to afford 
methyl ester R006T (106 mg. 78%) as a colorless oil. The 

crude product was used in the next reaction directly without 

further purification. 

* NMR (CDC1 3 ) -: 7.18 - 7.30 m. 7.20 m, 5.6 m. 5.^, ^ 
fas, 4.66 m. 3.73 s. 3.72 s, 3.55 m, 3.43 t (J = 7 Hz) , 3.23 
». 3.02 dd (J = 7.5 HZ). 2.92 m. 2.66 td (J = 13.5, 5 Hz). 

2.54 m. 2.46 m. 2.32 m. 2.05 S. 2.03 S. 1-76 S. 1.44 S. 

0.83 m. 
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Example no 

Disulfid e rootp 

was "^^"y^^yl chloride ,8.4 „ L , 93 . 56 „ mol) 

5 Zl T L I, OP " 1Se *° " SOlU " 0n ° £ «*«olidi». boost 
(«1 M,, 95.47 TO ol) in acetic acld 

water ,0.05 at o'c. After stirring ai o'Tfor 2 5 ti „ 
-on tenp for 5 nin . reverse phase hpL ( ^™- 
TFA in 5% acetonitrile-water to o is% ™ <„ «. . 
over 30 ni„, indicated cofflplete » -"onitril. 

X H NMR (CDCI3) 7.20 - 7 28 m * aa 

5 17 bm, 4.66 », 4 .39 bin, 3.90 s. 3.73 s, 3.55 a 

Example in 

20 Compou nd PTOii 



^ O ^ 

SMe 

Tri-n-butylphosphine (0.107 0.42S nnol) was added 

to a solution of disulfide H0O7T „. ng , S5 . 63 ^ 

LTLTt IT t0 - 1 and the reacti ° n « "ooT 

in V • ReVSrSe PhaSS HPL ° (elUtln ^ 0.15* TFA 

30 11711? "f " e " Kater <° °- 15 * ™ in acetonitrile ovlr 
30 M | indicated complete conversion to product. The 
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reaction was concentrated In vacuo and the crude product was 
dissolved in Et 3 SiH (1 *L> . TFA (3 mL) was added and the 
reaction stirred at roo, temp for 0.5 h. Reverse phase HPLC 
(•luting with 0.15% TFA in 5% acetonitrile-water to 0.15% 
5 TFA in acetonitrile over 30 min) indicated complete 

conversion to product. The reaction was concentrated an 
vacuo and purified by preparative reverse phase HPLC. After 
one chromatography, the final product still contained 
residual amounts of tri-n-butylphosphine and a second 
10 purification was necessary. Compound PT011 (8.1 mg, 15%) 
was obtained as a white solid of diastereomers after 
lyophilization from acetonitrile :H z O (2:1). 

1HKMK (CD3OD) S: 7.17-7.28 m, 5.71 dd (J - 9 . 2 15.4 H.) , 
5.43 dd (J = 7.8, 15.7 Hz), 4.50 m, 3.83 q (J = 6.8 Hz) 
15 3.70 s, 3.64 S, 3.6 m, 3.16 dd (J = 8.5, 13.8 Hz) , 3.02 dd 
(J = 10.6, 13.2 HZ), 2.65 - 2.95 », 2.61 dd (J = 9.4, 
11.9 HZ), 2.47 m, 2.39 m, 2.1 m, 2.05 s, 1.97 s, 1.95 m, 
1.75 m. 0.96 d (J = 6.8 HZ), 0.94 d (J = 6.9 Hz, , 0.92 d 



20 



(J = 6.9 HZ), 0.89 d (J - 6.8 Hz) . 

Example 112 



Meth yl es 1-er R002M . 

5-FomyXsalicyllc acid (50.67 g, 305.0 mmol) was 
dissolved in MeOH (1.0 10 at room temp, concentrated H,SO, 
,10 mL) was added, and the reaction solution was heated at 
25 reflux under nitrogen for 24 h. The solution was allowed to 
cool to room temp end was then concentrated to give a moist 
solid. To this solid was added H 2 0 (200 mL) , MeOH (10 mL, . 
and EtOAc (600 mL) . The phases were separated, and the 
EtOAc phase was washed successively vith_H 2 o (200^, ,^ 



30 



saturated HaHC0 3 (3 X 200 mL) , H 2 Q (200 mL) 
Kacl (2 x 200 mL). The EtOAc was then dried over HgSO 
filtered through K 2 C0 3 . and concentrated to give a solid 
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Th« soUd „as crystallized fron hot MeoH/H o „ , 
1-0 L each) to give light tan needles IT/l ' V ° 1:V01 ' 

by filtration, washed with MeOH/H o ^ "~ Co11 ~™ 
dried under vacuum to give 35 ^ / ' V ° 1:Vo1 >- 
= yellow-tan needles with Tstr^ V ' ° f B °" M " 

("scope, et al. FaI Too., Zl7 Tell " 1 " t «~- 

w a.6 H2) , and 4.10 s 
T ^._. . Example 113 

pyrid^:: 0 ^ '"-ro^t 196 - 0 was ai — ^ *» «*» 

- solution was coo^e t f-TL" ^r^"" " ^ 

anhydride «„.„ a „ J£ ^Z'^T^ ^ 

minutes. The added over 15-20 

^e b ath wa™ rr::::;™ tt ion « »•= 3 „. 

additional 3 h The' '1 S ° lUtl ° n for an 

» <"00 ^ and wash!' l^Zl^ To ^ 

« 2 0 phases were dried over «gs" 4/ K 2 c 0 Vilt *** T^*™* 
concentrated to afford a brown IWd J hl h ' 

« (.luting with E to Ac/ he X anesVrfur:ish J 3 :/"" 16 " 1 * 
triflate R003M as a faintlv v , furnls h 45.49 g (74%) of 
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10 



15 



* NMR (CDCI3) 10.09 s, 8.61 d (J = 2.2 Hz) 8.17 dd 

(J = 2.3, 8.4 Hz), 7.50 d (J - 8.5 Hz) , and 4.02 s. 

19 F{ 1 H}NMR (CDCl 3 , CFCI3 = 0.0 ppm) Si -73.8 s. 

Example 114 

^ldelaadg RQQ4M . . 

Triflate R003M (46.90 g, 150.2 mmol) , benzeneboronxc 
acid (40.42 g, 331.5 mmol) , K 2 CG 3 (31.34 g, 226.8 mmol), and 
Pd(CH 2 Ph)(Cl)(PPh 3 ) 2 (3.4753 g. 4.5874 mmol, were dissolved 
in dry toluene (1000 mL) under argon at room temp. The 
resulting solution was heated to 100-C for 4 h and then 
allowed to cool to room temp. The reaction mixture was 
filtered through CELXTE*, and the CELITE® was rinsed wxth 
EtOAc. The filtrate was concentrated to approxxmately 100 
200 mL, and 600 mL of EtOAc was added. This solutxon was 
washed successively with H 2 C (200 mL) , saturated NaHC0 3 
(200 mL) , 0.01 N HCl (200 mL) . P H 7.2 phosphate buffer 

200 mL , and saturated HaCl (200 mL) ; dried over MgSC 4 wxth 
decolorizing carbon; filtered; and evaporated to gxve a 
yellow-orange sludge. Purification by EC (e« 
20 EtOAc/hexanes) gave 34.80 g (96%) of ester * 004M * 

colorless, viscous liquid. The following characterxstxc 
values were obtained by nuclear magnetic resonance 
spectrosopy: 

„ ■•"»■- 

7.32 - 7.36 (m, 2H), and 3.70 (s, 3H) . 

Example 115 

£2BB TtSn o f X.O „ K0*BU/THF « 2 0.0 -L. 30.0 «X, «as 

30 aaaea via s^e ~ * » 

triphenylphosphonxum chloride (5.8071 g. 
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(80 »L, cooled to 0»C. The resulting orange solution was 
stirred et o-c for s minutes, stirred at room temp for l h 

(3.2413 g, 13 . 491 ^ol) in THF (10.0 mL) was added via 
syringe. The resulting yellow reaction solution was stirred 
overnight at room temp. The solution was diluted " th EtoIc 

2 x »L7V ™^ >» Phosphate If feT 

(2 X 50 mL), Hj o (50 mL) , and saturated NaCl (2 x 50 mL, ; 

10 Z HaS ° 4 '' ""«»' concentrated to give a 

10 liqurd. Purification by FC gave 2.5216 g < 72 %, of 

intermediate R005M as a colorless liquid (1.4-1 trans/*,-. 

ratio, rhe following characteristics were^ " ed 

by nuclear magnetic resonance spectroscopy: 

15 XT/ 00 " 3 ' 6 " 7 - 96 d <J = H2, < 7 - 76 « " 1... 

5 27 d « T - 6 - 22 d (J = "*>' 5 - 85 * < J " "-° «*>. 

isomer, 3 = S3 H2) ' 3 - 82 S 1SOBer) ' 3 - 72 * 

xsomer), 3.63 s, and 3.63 s. 

Example lie 

20 CcmmmipH rqqkm 

in 1 ' n * eraedlate R0OSH ' '°- 582 9, 2.150 mmol, was dissolved 

acid'^n n „T nS ^ H2 ° ' 6 ana P-toluenesulfonic 

acid (0 081 g. „. 42 58 mmol, „ as added . The 

25 f" 1 1 h " ^ the " 75 ' C f " 5 »• — «»*"y 85-C 

teno d', , ; reaCtlOD SOlUtiOT all ° Wed *° to room 

temp; diluted wxth EtOAc (150 »L, , and washed successively 
with p H 7.2 phosphate buffer (so mL) , h 2 o (50 ml.,, and 
saturated NaCl ,50 ml.,. The solution then was dried over 
30 If I" flltered ' and ~"=entrated to give a viscous liquid 
30 which was purified by FC (eluting with EtOAc/hexanes, to 
give 0.376 g (68*) of intermediate R006H as a colorless. 
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viscous liquid. The following characteristic values were 
obtained by nuclear magnetic resonance spectroscopy: 

1 H NMR (CDCI3 S: 9.82 t (J = 2.1 Hz), 7.70 S, 7.26 - 7.43 
(m, 7H), 3.80 d (J = 2.0 HZ), and 3.64 (s, 3H) . 
5 Example 117 

Pnmpniinri R008M 

A solution of R007M (L-cysteine methyl ester 
hydrochloride) (25.7009 g, 149.7372 mmol) in H 2 0 (200 mL) 
was cooled to 0"C and NaHC0 3 (13.01 g, 154.9 mmol) and 
L0 K CO, (21.85 g, 158.1 mmol) were added. Phosgene (20 wt% in 
toluene . 105 203 -ol) was then added dropwise The 

resulting solution was stirred vigorously at 0 -C for 
approximately 2 h. The phases were separated, and the 
aqueous phase was evaporated to yield a white, granular 
15 solid. This solid was extracted with CH 2 Cl 2 (4 x 100 mL) . 
The combined CH 2 C1 2 extracts were dried over MgS0 4 , 
filtered, and evaporated to give 17.6776 g (73%) of 
intermediate K008H as a colorless liquid which solidified on 
standing at -20 »C. For an alternative synthesis, see E. 
20 Falb et al., SyntH. Commun., 23(20) 2839-44 (1993). The 
following characteristic values were obtained by nuclear 
magnetic resonance spectroscopy: 

1H NMR (CDCI3) S: 6.35 br s, 4.45 ddd (J = °' 7 ' 
8.2 HZ), 3.83 s, 3.72 dd (J = 8.2, 11.4 Hz), and 3.64 dd 
25 (J - 5.0, 11-4 Hz) . 

Example 118 

rnmpnund R009M . . , r=c 

intermediate R008H (17.6776 g. 109.68 mnol) was 
dissolved in dry EtOH (200 «L> at o-c. KaBH, (6.0938 g 
30 »1.08 «*> was added portionwise under H 2 . The re« m«, 
solution was stirred at 0°C for 1.5 h and tnen allowed to 
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10 



warm to room temp. The reaction was hed 
aqueous saturated HH.cl ,30 mL) followed by vigorous 

mt r r r aT 30 DlnUteS - ~ ""«.a and the 

filtrate was concentrated to give 1,. S188 g ( 12 „, of 

intermediate K00.H as a syrup, The following characteristic 

:::zr ta * — — — 

Example 119 

ComponnH 

with drt^ ate R0 " M <17 - 62 9 ' " 2 - 31 — *> «- combined 
185.7 mmol, was added portionwise under N,. The result!™ 
IS solution V as stirred at ,= for « b and tnen ^ 
for 2.5 „ „ pyrlatne vas removed un(Jer P 
thick sludge which was diluted with CH,cl 2 (250 mL, and 
washed with agueous 2» HC1 (4 , 50 ^ * < 00 °„£ ^ 

,0 n^^TT WaShln9S b — —d with CH 2 " 

H o ,1 '' CODbined CH2C1 = Phases «» »«hed wit. 

filtered ' ^ U °° ' **" «« -»»4. 

soMd eVap ° r " ea t° *ive a light brown solid. This 

solid was djs«nw^ j» ™ — inis 



25 



30 



(2 x tn .r, ™_ ""«tieo with CH,C1, 

H o ,1 '' CODbinea CH = C1 = phasM «» »«hed with 

filtered ' ^ U °° ' **" «« 

soMd eVaporatea t° 9ive a light brown solid. This 

solid was dissolved in CH 2 C1 2 (approximately 10 0 mL, ,„T 
hexane (approximately 300 ml, was added. tLs solution 1 
concentrated tc approximately 100 mL, and s solid 
precipitated. The solid was collected by filtration, washed 
with hexane, and dried under vacuum to give 28.ii 63 a'T 

soli! ts lat * R ° 08M) ° f int —«""e K010M as a tan 

solid. The following characteristic values were obtained by 
nuclear magnetic resonance spectroscopy: 
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>H NMR (CDCX,, -SO - „ - 7.3, a 

6.20 br s. 4.09 - 4.15 », 3.98 - 4.03 3.52 - 3.56 m. 

ad (J - 4.3, 11.5 HZ), and 2.47 s. 

Example 120 

£eaEe ^S at e K010H (27.8043 ,. 96.762 mmoi). soaium 
,„alde <64 0 ,. 427 m»Ol> , «»d H=HC0 3 (0.420 9, 4.99 «D 

t«e coined n acetone ,400 -L, . The resuming solutxon 
r s heated at reflux under Nj for 12 h. The solut.cn was 

cooled to room temp and filtered. The filtrate -as 

evaporatea. and the resiaue was dissolved in 

a „d P H 2 o «ioo^. ~^j^T7T»^* 

was washed with saturated Na 2 S0 3 (Z x /o 
Curate* »aCl (100 mL) . The coined agueous p, .ase, ; were 

, _ f ., r , 9 v ioo mL) , and these EtOAc 

back-extracted with EtOAc (2 x ioo W . 
Itracts were combined and washed with saturated NaCi 
To £ The coined EtOAc phases were dried over MgSO 
(50 mL). Tne fntarBi , a na evaporatea 

(With decolorizing carbon aaaea) , fllterea, an * 
to give a tan solia (22.3106 g, 97%), which was purxfrea by 
, 7c fluting with EtOAc/hexanes, to give 17.2634 g (74%, of 
Intimate B011H as a white, crystalline solia. The 
lowing characteristic values were obtainea by nuclear 
magnetic resonance spectroscopy: 

NMR (CDCI3) *: 6.51 br s, 4.05 - 4.10 », 3.61 
;5 dd (J » 7.5, 11-4 H2), and 3.24 - 3.37 m. 

Example 121 

Com pound R0 12M ^ 
Intermediate R011M (16.2294 g, 



30 



T M l a 336. mmol), ana DMF (30 mL, 
triphenylphosphxne (88.27 9. coolin(J 

were .ombined aud heatea to 100^ c _ ^ _ . 

riToirr^rThis ^ ^ * — — 
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* » (CD O D/¥) „ 7>?4 . ?<9s ^ ^ 



4.39 - 4.46 m, 3.83 - 4.02 V. V- 7 , 
< J - 3-6, 8.1 H2 ). *' 2 * 98 dd 



.54 

- ■>•«>, 8.1 Hz) . 

10 



NMR (CD 3 OD/D 2 0, 6: 178.3, 137.5, 135 4 
' = 10.2 Hz), 132.5 df Je „, 



- o „. ^/o.j, 137 .5, 135.4 d 

HZ) 132 5 d (J = 12.7Hz), n 9 . 4d (J = 86 
>d C*-7.3 HZ), and 28.7 d (J =52.1 Hz). 



31 P{ a H} NMR (CD 3 OD/D 2 0) *: 24.0(s). 
- , 24 _ „_ ■ 



15 fa] 589 = +18 * 39 <C=0.0255, MeOH) . 
C 22 H 21 I NOPS 
Anal. Calcd. : 

C «a..o, h, <. 20; i, „.„, N , 2 . 81; s> 



Compo und R0l3jg 



Example 122 



susn ^e™*^* «o 12M ( o.7720 g, i. 52 77 nmol, was 
suspended in dry THP n W n ^ ; 

".tjt,™ =rr ~ srr- ■ 

(0 3755 a 1 solution of intermediate R006M 

lu,J/s:j 9» 1.4767 nunol) in thp /-» -r » M 
J ln THF (2 ffiL > added via syringe, 
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and the syringe was rinsed with THF (2 x 0.5 mL) . The 
reaction fixture was stirred at -42-C for 1 h and then at 
room temp for 1.75 h. The reaction was quenched wxth 5 mL 
of saturated NH 4 Cl, and diluted with EtOAc (150 mL) and H 2 0 
5 (50 mL) . The phases were separated, and the EtOAc phase was 
washed successively with P H 7.2 phosphate buffer (50 mL) and 
saturated NaCl (2 x 50 mL) , dried over MgSG 4/ filtered, and 
concentrated to give an orange oil. Purification by FC 
(•luting with EtOAc/hexanes) gave 0.1589 g of intermediate 
10 R013M cis and 0.2341 g of intermediate R013M trans as 

colorless oils. The following characteristic values were 
obtained by nuclear magnetic resonance spectroscopy: 

compound R013M cis 

*H NMR (CDC1 3 ) «« 7.60 S, 7.26 - 7.42 m, 5.92 br S, 5.87 dt 
18 (J = 7.8, 10.5 HZ), 5.70 app t (J = 9.9 Hz), 4.86 app , 

(J = 8.2 HZ, 1H), 3.63 s, 3.50 - 3.60 m, 3.46 dd (J = 7.0, 
10.8 HZ), and 3.24 dd (J = 8.5, 10.8 Hz). 

Eompound KQ13M trans 

>H NMR (CDCI3) «• 7.82 S, 7.18 - 7.41 m, 6.30 
20 (J = 7.2, 14.3 HZ), 5,39 dd (J = 7.5, 15.2 Hz), 4.7 

J = 7.4 HZ), 3.61 s, 3.47 dd (J = 7.3, 11.0 Hz, , 3.44 br d 
(J = 6.4 HZ), and 3.17 dd (J = 7.5, 10.9 Hz) . 

Example 123 

ooTT.-pr.imd R014M _ 

intermediate R013M trans (0.2341 g, 0.6623 mmol) , B0C 2 0 



mtermeuiauc " • 

(0 1765 g, 0.8087 mmol), and DMAP (0.0088 g, 0.072 mmol) 
were combined in THF (4.0 mL) and stirred for 3 h at roox 



temn ' The reaction solution was diluted with EtOAc (70 mL) , 
successively with H 2 C (2 x 25 mL) and saturated N aCl 
30 (2 x 25 mL), dried over M gS0 4 , filtered, and evaporated to 
give an oil. Purification by FC (oluting with 
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« - 1.4. ix.o hz,, and a . 43 s ; 3 - 4s d <j - e - 7 »*>. 

Example 124 

Intermediate R014M U.82SO « „ 
in «eOH, and CsHC0 3 (0.79 g 4 mMl ' di -°lvea 

(0.2638 0..10 " weL J£ Z ' ^ CSjC ° 3 

(350 fflL) ; washed diluted with EtOAc 

uoo Ju ~ ss^sr ( sr • « «« h 2 o 
-ex o x x,o teied over Mgso ° fil t ; e : an s : turatea 
- 1: ir cous zx ™° - 

were removed under v a ™„« „ iIDat eiy 2 h. The volatiles 
intermediate roxsh as an oily La*. 9 (4M> 

*H NMR (CDCl,) 6' 1 a r~r 

4.40 br s, 3. 63 g 3.47 d (J , e 7 H^' 2 « 4 - 91 br 

!•«« s, and 3.35 dd (J . ,. s / 9 . 4 ^;. HZ '' 2 " 66 " 
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Example 125 

intermediate R015M (0.3710 g, 0.8677 mmol) and 
triphenylmethanol (0.5655 g, 2.1722 mmol) were combined and 
dissolved in dry Et 2 Q at O-C. BF 3 .OEt 2 (0.215 mL, 
1.748 mmol) was added, and the solution was stirred at 0-C 
for 1 h. The solution was diluted with Et 2 0 (70 mL) ; washed 
successively with saturated NaHC0 3 (25 mL) , H 2 C (25 mL) , and 
saturated NaCl (2 x 25 mL) ; dried over Na 2 S0 4 ; filtered; and 
evaporated to give a solid. Purification by FC (eluting 
with EtOAc/hexanes) gave 0.4687 g (81%) of intermediate 
*016M as a solid/foam. The following characteristic values 
were obtained by nuclear magnetic resonance spectroscopy: 

1 H NMR (CDC1 3 ) S: 7.60 d (J = 1-6 Hz, , 7.18 - 7.42 m ^ 5 67 
ddt (J = 0.8, 7.2, 15.3 HZ), 5.37 dd (J = 5.5, 15.3 Hz), 
4.61 br s, 4.19 br s, 3.60 s, 3.39 d (J = 6.7 Hz), 2.32 - 
2.48 m, and 1.41 s. 

Example 126 

compound R017M 

intermediate R016M (0.4687 g, 0.7007 mmol) was 
dissolved in MeOH (15,0 mL, . LiOH (0.3985 g, 16.6388 mmol) 
and H 2 C (3.0 mL, were added to give a mil*y solution^ Thxs 
solution was heated to 60-C for 12 h and then allowe I to 
cool to room temp. The reaction solution — f *° 

5 approximately P H 2 with 1 * KHSD 4 (25 mL, , and diluted wxth 
EtOAc (70 mL) and H 2 0 (25 mL) . The phases were separated, 
and the EtOAc phase was washed with saturated NaCl _ 
(2 x 30 mL), dried over MgSG 4 , filtered, and evaporated to 
give an oil. Evaporation from CH 2 Cl 2 /hexanes gave 0 4300 g 
0 (93%) of intermediate R017M as a colorless solid. The 
following characteristic values were obtained by nuclear 
magnetic resonance spectroscopy: 
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25 



30 



lH *** < CD 3<>D) S : 7.56 s, 7.08 - 7 38 . 

« - .... H2 , 4 . 80 br s , 7 3 ; 5 ; 5 - 

J» - 6^ HZ), 2 . 40 dd (J . 7 . ?< 3 ^ 7 J 
- 6 ' 2 ' ".2 Hz) and 1.41 s. d 
Example 127 

Compound "p^ifm 

72 h. The r-o»„-- starred at room temp for 

— T..:t;zz sr.';: ~rr t™- - - 
~ ■ 

J H NMR (CD3OD) i: 8.22 d (J - s 7 Hzl 7 , . 

(» - hz,, 5 . 65 dd t (J . o. 7 7 2 15 3 5 -" d 

r» is - 2 h "< •■» * <* - - ; < 

4.61 br s, 4.18 br s, 3 3a it . „ 
Example 128 

Compoi md HQ1QW 

or h , and the reaction was P 
ana evaporated. The residue was dissolved in Lo„ ' 
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WO 95/25086 



* PCTAJS95/03387 



filtered, and purified by RP HPLC to give 0.0633 g (71%) of 
intermediate R019M as a colorless solid. The following 
characteristic values were obtained by nuclear magnetic 
resonance spectroscopy: 

5 *H NMR (CD 3 0D) 6: 7.17 - 7.44 m, 5.87 d (J = 7.6 Hz) , 5.61 
dt (J = 7.2, 14.3 HZ). 5.33 dd (J = 6.5, 15.3 Hz) , 4.46 - 
4.50 », 3.94 br s, 3.37 d (J - 6.6 Hz) , 2.40 dd (J - 7.6, 
12.22 HZ), 2.10 - 2.22 a, 1.92-2.06 », 1.99 s, 1.72 - 1.82 

m, and 1.40 s. 
1Q Example 129 

Pnmpnnnd PM061 



intermediate R019M (0.0633 g, 0.08043 mmol) and 
triisopropylsilane (0.400 mL, 1.9525 mmol) (or 
triethylsilane) were combined, and TFA (1.5 mL) was added. 
15 After 2 h, the reaction mixture was evaporated to leave a 
solid residue which then was dissolved in MeOH, filtered, 
and purified by RP HPLC to give 0.371 g of compound PM061 
(TFA salt) . compound PM061 was dissolved in MeOH (or CH 3 CN) 
(10 mL), and 1 N HCl (0.400 mL) was added. Evaporation and 
20 lyophilization from H 2 0/CH 3 CN gave 0.0273 g (71%) of 
compound PM061 (HCl salt) as a colorless solid. The 
following characteristic values were obtained by nuclear 
magnetic resonance spectroscopy: 

>H >» (CD 3 0 D > S: 7.30 - 7.44 6.14 at (J - 7.2. 14.4 B.). 

25 5.57 aa (J = 8.o. 15.4 hz), 4.46 br aa <J - 3.5, 9.6 H*>. 
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Example 130 

5 Compound RQ?nu 

intermediate R017 « ( 0 . 0 57o g, 0 . 0869 mo1) 

o nnn* (0.0588 g, 0.1388 mmol,, HOBT <0 0136 „ 

0.1006 nunol) NMM rn <->-, , , 1 IU.D136 g 

T trap ov «»i9ht (approximately 16 h) The relcTf 

(30 ml.? V P Phosphate buffer (30 mL) , H O 

ex ring wlth x 7^ ( : 3 u :; f :=" ion by rc 

intermediate R „0H as a white solid. (Note- thl 

exhibits rotational isomerism in the *H NMR "at 

The following charaoteristic vale- rOC " ten "-> 

=0 magnetic resonance spectroscopy nUCl *" 

Example 131 

ComPOlinrt RQ21M 

intermediate *o 20 M (0.0504 g, 0.07211 mmol, was 
dissolved in E t 2 o (4 ^ at 0 . c Undfir £ £ s 

(0.0062 Bf 0.163 mmol, was added to the solution alt al 
once. After 30 m«„f„ ^ . . n 311 at 



30 once 



saturated agueous sodium potassium tartrate solution ,1 mL, 
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was added, and the resulting mixture was stirred vigorously 
at room temp for 1 h. The mixture was filtered through 
CELITE® , and the filtrate was diluted with EtOAc (70 mL) , 
washed successively with H 2 G (2 x 25 mL) and saturated HaCl 
(2 x 25 mL), dried over Na 2 S0 4 , filtered, and concentrated 
to give 0.0420 g (91%) of intermediate R021M as an oil. The 
following characteristic values were obtained by nuclear 
magnetic resonance spectroscopy: 

H NMR (CDCI3) it 9.96 S, 7.81 d (J = 1.7 Hz) , 7.19 - 7.50 
m , 5.67 dt (J = 7.6, 15.2 Hz) . 5.39 dd (J = 5.6, 15.3 Hz) , 
4.61 br S, 4.18 br s, 3.42 d (J = 6.8 Hz) . 2.32 - 2.48 m, 
and 1.41 s. 

Example 132 

'—r n " nH R022M 

intermediate R021M (0.0420 g, 0.06564 mmol) , 
L-methionine methyl ester hydrochloride (0.0436 g, 
0.1359 mmol), EtOH (0.5 mL) , and DME (0.5 mL) were combined. 
To this solution was added Na(CN)BH 3 (0.0160 g, 
0 2546 mmol), and the resulting mixture was stirred at room 
IZ -der argon for 6 h. The reaction solution was diluted 
with EtOAc (70 mL,; washed successively with H 2 G 
(2 x 30 mL), PH 7.2 phosphate buffer (30 mL) , H 2 0 (30 mL) , 
and saturated N aCl (2 x 30 mL) ; dried over Wj**~£L 
and evaporated to give an oil. Purification by FC (eluting 
with EtOAc/hexanes) gave 0.0400 g (77%) of intermediate 
R022H as a colorless oil. The following characteristic 
values were obtained by nuclear magnetic resonance 
spectroscopy: 

X H NMR (CDCI3) 6: 7.09 - 7.43 m, 5.69 ddt (J - 1.2. 7 0 
30 14.0 Hz) , 5.39 dd (3 - 5.5, 15.3 Hz), 4.67 br s .22 br s 
3.68 d (J = 12.4 HZ), 3.60 s, 3.56 d (J = 12.4 Hz), 
- 143 ~ 
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(J = 6.9 Hz) , 3.27 - 3.30 m, 2.45 
and 1.41 s 
Example 133 



Compound pm ?11 

5 a* ^ te ^diate R022M (0.0221 g, 0.0281 nunol, was 
dissolved in Me OH (6.0 mL) , 1,4-dioxane fl 5 »r \ ' , 
(2.0 B)L) , and L ioH (0.0212 g ,' 0 .8 85 TZ^'l^jJ^^ 
so ution wMch then ^ ^ 1) was added ,0 the 

reaction solution was acidified with TFA ro o, n r 

== ~™ r — is— 

lH < CD 3°D) ff: 7.13 - 7.47 . 5 58 - 5 „ 

' (J = 6.4, 15 3 H *. * ,«= 2 *' 5 - 30 dd 

3- ;.-•! n; rLV:*:.:; - - : - - 

and 1.36 s. 5 m ' 1 « 92 s, 

Example 134 

CoffiPo.ir.rt B» 1?1 

s 

SMe 

Intermediate R023M (approximately 0.0249 a 
0.02808 mmol, and triethylsilane (o.no ml. o 8765 ™ „ 
were combined, and TFA ».s ml., was adde^ M Z ^ 

zs. * rsrtrsr.* rrr with "** ana 

sail-, ^ O.0174 g of compound PM121 (2TFA 

salt) which then was dissolved in CH CN m n ™t . ^ 

1 * HC1 (0.150 nL) was add ed 1 3 > t0 Which 

\ ±=>v nu,; was added. Evaporation, and 
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10 



lycphilization from H 2 0/CH 3 CN gave 0.0110 g (78%) of 
compound PM121 (2HC1 salt) as a colorless solid. The 
following characteristic values were obtained by nuclear 
magnetic resonance spectroscopy: 

1 H NMR (CD 3 OD) 6: 7.59 s, 7.33 - 7.52 m, 6.17 dt (J =72 ^ 
14.4 Hz), 5.63 dd (J = 8.0, 15.4 Hz) , 4.34 br s, 3.87 3 92 
"3 59 d iJ = 6.0 Hz) 1 2.89 dd (J = 6.3, 14.2 Hz) , 2.81 dd 
^ =*6.4, 14.1 HZ), 2.46-2.56 m, 2.01-2.15*, and 2.03 
s. 

Example 135 

^» w r nnnri R02 5 >« tTxt . 1) 

jX^Y^* cat 5% Pd/CaCQ3 if^T^ 

OHC^^C0 2 Me H 2 . room temp. THF ohC^^CO^ 

R024M 

intermediate R024M (0.465 g, 2.43 mmol) was dissolved 
in THF (28 ml.) under argon, and 5% Pd/CaC0 3 (0.094 g, 0 94 
Zol ca 0.05 mmol Pd) was added. The solution was stxrred 
15 Tde^I'at room temp, for 30 min. The reaction solution was 
diluted with EtOAc and filtered through O™" 
Evaporation gave 0.427 g of intermediate R025M (91%) as a 
colorless oil. 

* NMR (CDCI3) S- 10.01 s, 8.37 a ( , - 1.3 Hz, 
20 (J = 1.7, 8.0 HZ) f 7.48 d (J = 7.9 HZ), 3.94 s. 3.07 q 
,J = 7.5 HZ) , and 3.64 t (J - 7.6 Hz). 
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Example 13 6 

Compound K027M £gg 21 




^ TsNHNHa, 
0=< J f C0 2 Me NaOAc , 

H 2 0. DME, 



BOX H ^^^^C0 2 Me 

R026M 



(6.521 

N. 



Intermediate R026M (0.827 a 2 mn R ° 27M 
- 35.018 mol) J re °° ~> 

"z- The resultin, solution was heated to « ~ ' """" 
solution of NaOAc.3H 2 o <6. 293 - T * , C ' and * 
was aaaeo aropwise oter 6.5 h Z ml L ' *" < 3 ° *> 

cool to roo* te_p. ailutea wiu, Zo "7 —„ *» 
. «th CH 2 C1 2 (3 x 60 ^ The C J£JJ J^' «* 
0 vashea with saturatea Hacl ™" ne ° CH 2 C1 2 layers were 

«"ered. ana oonoentrate Z\t 'an^ "T ^ S °- 
PC (eluting with ethyl acetate^a^ """""""n «W 

R027H as a colorless oil. " e/heXanes > «»« 0.538 (65%) of 

% ran, (cdci 3) 4: 7 . 56 . 7 7 

tJ ■ HZ,. S.,4 hr s 1„ 3 85 - 3 91 7 -°' " 

« C* " 7.x. io. 9 Hz) , 3.ii aa , I * 2 3 - 4? 

<J - 6.8 Hz), ana 1.66 - !. 73 «. ' HZ) ' 2 " 72 br * 

Example 137 

Freshly distilled THF (10 mL) was add^ * 
(300 mo. 2 43 im»«n ^ added to CrCl 3 

aropwise to the Crcl 2 solution an Tthe result" Tt 
stirred for 3.5 h at o »c tlc ! eSUltln <> »^ure 

— , serial ana -J^tT^rT^" "* 
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product. PH 7.0 phosphate buffer concentrate (10 ml,) was 
added and the mixture allowed to warm to room temp, 
saturated a, HH 4 C1 (10 *L) was added and the nixtur. . allowed 
to stir for 10 min. The resulting suspension was filtered 

5 through CELITE.. and the filter cake was washed well With 
several rinses of ethyl aoetate. The resulting mixture was 
"luted further with ethyl acetate, shaxen, and the agueous 
phase decanted. The organic phase was washed further with 
water, dried with brine, dried with MgS0„ filtered, and 

10 concentrated to a brown residue (200.3 mg) . After 

purification by FC (elutin, with 15* ethyl acetate-hexanes, , 
pure iodoolefin R028M was obtained as a pale yellow solid 
(145.8 mg, 99%) • 

*B NMR (CDC1 3 ) «. 7.75 d (J = 1.7 Hz, , 7.48 d (J = ^ W . 
15 7.3 - 7.4 m, 6.98 d (J = 15.0 Hz) , 3.54 s. 

Example 138 

Mcohol s R029M 

crcl2 (2 40 -g, 1.953 mmol) was added all at once to a 

solution of aldehyde MUD (252.7 mg, 1.03 mmol) and 
2 „ iodoolefin R02.M (119.1 mg, 0.327 mmol) stirring in DMSO 

(3 mi.) in a dry box. Next, Hi(C0D) 2 (3 mg, 0.011 mmol) was 
added to the above mixture and the resulting suspension 
stirred for 6 h at ambient temperature. The reaction was 
removed from the dry box and quenched by «* 
25 saturated ag NH 4 C1 (30 *L) , CH 2 C1 2 (50 «L) was added and 

the two phase mixture stirred at high speed *« »"»■ "» 
resulting two homogenous phases were transferred to a 
separator, funnel and separated. The agueous layer was 
extracted twice with CH 2 C1 2 and the combined organic 
30 extracts washed twice with water, dried with MgS0 4 , 

filtered, and concentrated to a yellow oil (345.5 mg) . After 
purif icacion by preparative TLC (eluting with 20* ethyl 
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acetate .hexanes) , the desired diast^ 

alcohols R029M was obtained ! f C ° f 

«•)- « d ata for alcohol : 0 : 9M i s nspar r oii (6? - 2 **< 

extensive rotation,! . complicated by 

rotational isomeric on the mm time scale. 

5 lH f C DCl 3 ) «« 7.83 d (J = 9 3 H „ , 

— - p = 8.o H2) , 7 . 54 c d ( ;: 3 7 H ; , ; 2 - 82 7 * (j - 8 ' 7 

6.70 d (J = 15 b u-i c ^ * 7,9 H2) ' 7 ' 26 " 7.39 », 

». 3-03 d (J - M>1 Hs)> 2 f I" 4 ' 15 " 9 3.63 «, 3.18 

10 1-78 s, !. S2 s, !.„ s (J = 3.84 1>M 

tt-^t. Example 139 

Trifl,mi rrtatPc pno rn 

- — - 

« to a solution of alcohols (£'5 ° ^ ™ ^ 

freshly distilled CH CI #- « °" 135 nUn0l > in 

-action mixture ^ ^ " ^ ^ 
with p H 7.0 phosphate buff- ' ^ WaShed tWice 

HC1, dried wth ( ^r C T te ' ° nCe With °' 1 N 

2 ° oil (65., mg) . purification C ° ncent «ted to a crude 

with 20% ethyl acetate^ * Preparative ™ Cluting 

trifle I ace tate:hexanes) afforded impure 
trafiuoroacetates rosom (R. = 0 54 „ * 

recovered R029M (8.-012 ,, , 5 ° %) 3l ° ng with 

i"f u.12, 18.1 mg, 27%). 

,, _ . Example 140 

25 Ester_R031M 

-"0 -c. Mt .r the addition had ha„ ^ raPi<Sly " 
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hydrolyzed alcohol (39 ». -0.067 mmol) in THF (1 *L) was 
added dropwise at -78 -C to the dar* solution prepared 

L. The resulting mixture vas stirred for 30 mm and then 
inched hy addition of saturated a, NH 4 C1. <2 mW warded to 
5 Lm temp. NH4OH (1 *L) and ether (30 mL) . After stirrxnc, 
for 15 Bin, two homogeneous phases developed The organic 
phase vas decanted and washed with water, washed with P H 7.0 
phosphate buffer concentrate, dried with «gS0 4 , filtered, 
and concentrated to a clear oil (32.5 mg> . After 
10 purification by preparative TLC (eluting with 10% ethyl 
a cetate:hexanes, the pure ester R031H (9.9 mg, 29%) was 
obtained. 

MX data for alcohols K029M is complicated ^extensive 
rotational isomerism on the NMR time scale. The rotational 
15 isomers (i, ii) are clearly distinguishable at -60 C. 

»H NMR (CDCI3) , -60 -C 6= 7.63 s 6 7.57 s 7.»« " - 
5.87 dd (i, J - 10.2, 14.7 HZ), 5.74 dd U. J - 8.9, 
14.9 HZ) , 5.68 dd (ii, J - 7.2, 15.0 Hz), 5 61 dd 
(ii J - 9.6, 14.5 BZ), 4.83 (i, m) , 4.67 (il. m) , 3 
1 66. 3.24 t (ii. a - 6.0 HZ,. 3.19 t (i, a - 5 9 Hz, , 2.85 



20 



(ii, J =' 9 .6, 14.5 HZ), 4.83 (i. m) . 4 . 67 (ii, »>'^ ; 69 

t (li/j" 9.6^)", 2.79 t (i, J = 10.1 HZ), 2.52 d 
V- HZ), 1.92 b r», 1.82 s, 1.73 s, 1.70 S, 1.46 

1 35 s, 0.99 d (J = 5.8 Hz) , 0.90 d (J = 5.9 Hz), 
0.72 d (J = 6.0 HZ), 0.68 d (J = 6.0 Hz) . 
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Example 141 

Eaaeaanfl ?"tj\ 




10 



Compound PMOll was prepared in *>,. 
described in Scheme VIII but 4 meth k " " ^ 

and DMP were used in p"' T f 1 nethoXyben " n ^°«nio acid 
toluene in step 3 , « L-met • T""*"""* acid and 
hydrochloride Le'esed L^TLT 1 
PHB ester hydrochloride and L ! " * °* 
»as replaced with a Lio^oH^ 0 ^T™ 1 Na2S,9H *° 
characteristic values ZTl^LlT ^ f °"° Win9 
resonance spectroscopy- * " UClear na ' n *« c 



lH HMR < C D3°D> 0: 7.34 - 7.41 m 6 98 rt / t 

« - ■ - , S9 ^ 

q (J = 7.0 Hz), 3.85 s, 
6-2, 14.1 Hz), 2.79 dd 
94 - 2.01 m, 2.01 s, and 
Example 142 

ComoonnH 



«•« m. 3. S9 , ; : , 0 - - ' - 8 "°- »•« HZ,. 4.4 9 - 

« ad (J . l ( , „: - 2 ; 5 dd s ' ( rr 6 d / j - *- 9 a *>' 




Compound PM012 was prepared in th a 
aescribed in Scheme Vlllf i tlr^tT ^i" T 



20 

— "^uciue Vill ( b\ 
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DHF) was used in place of benzeneboronic acxd in step 3, and 
L-methionine t-butyl ester hydrochloride was used in step 11 
in place of L-methionine PNB ester hydrochloride, and the 
subsequent Na 2 S.9H 2 0 step was omitted. 

>H NM* (CD3OD) S: 8.66 d (J = 7.6 HZ), 7.61 - 7 64 ». '•" - 
7.36 7.01 dd <J - 11.0, 17.5 HZ) , 6.07 - 6.12 5.77 d 
(J . X7.4 HZ), 5.49 - 5.55 m, 5.29 d (J - 11.7 Hz), 4.71 - 
4.75 », 3.85 q (J = 7.3 HZ), 3.49 - 3.59 », 2.51 - 2.90 ., 

2.13 - 2.24 m, 2.11 s, and 1.98 - 2.11 m. 

Example 143 

fmflpnimil PH021 




.CO* 



compound PH021 was prepared in the same manner as that 
described in scheme VIII, but 3-thio P heneboronic acid was 
used in place or benezeneboronic acid in step 3 and 
L-methionine t-butyl ester hydrochioride was used an step 
in place of L-methionine PNB ester hydorchlorzde. and the 
subsequent Na 2 s.9H 2 0 step was omitted. The following 
chracteristic values were obtained by nuclear magnetic 
resonance spectorscopy: 



d 



30 >H NM* (CD 3 )D) 6= 7.45 - 7.53 m, 7.37 - 7.39 m 7.2 M 

„ = 4.8 HZ), 6.15 dt (J = 7.2. 14.4 Hz, . 5 58 dd ,J - • .0. 
15.4 HZ), 4.59 br dd (J = 4.0, 9.5 HZ), 3.88 q (J -6.8 J 
"z 3.56 d <, = 6.5 HZ,, 2.87 dd (, - 6.0. . Hz, . 2 79 

dd p - 6.2. 14.1 HZ,, 2.29 - 2.35 m, 2.18 - 2.25 m, 2.03 

25 2.12 m, 2.06 s, and 1.82 - 1.91 m. 
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Example 144 




Compound PM022 was preoar^d ^™ 
exposure t« * Prepared from compound PM152 by 

xposure to air and was purified by rp H PLC. 



X H NMR (CD 3 OD) Si 7.21 - n a-x 

7 * 2 ' 14 ' 4 H2)/ 5.48 dd (J = 8 3 ,«..„, 
(J = 4.7 9 1 Hs o ■» 00 ' H2) ' 4 ' 75 dd 

J. 39 - 3.50 m. 3.22 riri / -j- _ _ v °*' "z; , 

10 (J = Hz) / ' J - 9 - 2 ' M.. H*,, ana 3.0! a 

Example 145 



Compoun d PMOS l 



MS i rr pn » 

s 



IS 22 T triethylS " a - <°-°5° -L. 0.3130 „J ^ 
IS coined, ana TFA ,1.0 ml, „aa aaa e a at o-c. After 

PM031 (2 TFA salt} rv™. ^ 0.0156 g of compound 

no »ti V Co ^°^ *K03i was dissolved in CH,CN 
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(98%) of compound PM03X (2HC1 salt) as a colorless solid 
The following characteristic values were obtained by nuclear 
magnetic resonance spectroscopy: 

1 H NMR (CD 3 OD) tl 7.69 S, 7.34 - 7.65 ID, 6.20 dt, <J « 7.3, 
14.6 Hz) , 5.66 dd (J = 8.0, 15.4 Hz) . 4.33 m, 3.96 t 
(J = 6.3 HZ), 3.87 q (J - 6.9 Hz), 3.64 s, 3.57 d 
(J = 6.7 HZ), 2.86 dd (J = 6.3, 14.1 Hz), 2.78 dd 
(J = 6.4, 14.1 HZ), 2.41 - 2.51 2.05 q (J = 6.9 Hz), and 
1.99 s. 

Example 146 

Compound, PM032 




Compound PM032 was prepared in the same manner as that 
described in Scheme VIII, but 3-thiopheneboronic acid was 
used in place of benzeneboronic acid in step 3 , and 
^-methionine sulfone methyl ester hydrochloride was used xn 
step 11 in place of L-methionine PNB ester hydrochloride, 
and the subsequent Na 2 S.9H 2 0 step was omitted. Furthermore, 
between steps 6 and 7 in Scheme VIII, a diimide 
hydrogenation step was inserted (see Equation 2) . 

>H NMR (CD3OD) S, 7.34 - 7.48 m, 7.20 dd (J 

4.58 dd (J = 4.8, 9.4, 1H) , 3.74 s, 2.93 s, 2.86 2^99 » 
2.68 - 2.81 m, 2.25 - 2.34 m, 1.98 - 2.14 m, and 1.68 1.76 
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Example 147 

Compou nd PMOii 



N^,COjMe 

s 



Compound PM041 was prepared i« *k 

- 3. 8 ; 4;vs ,: j 3 : 6 :-:' «•« - 

Hz), 2.86 dd f J = fi , , A ^ „ * * 56 d (J - 6 -6 

-os - . ^.J-f', ; 2 B - ^ -^r - .... M . a „„, 

15 * ■ L ' 98 s ' an <* 1-68 - 180 m. 

Example 148 

Compoiir.^ bwh <? 




20 



bensenaboronio acid was used J*' f^" 1 *—^!)- 

- 3, a. *-^^jLr==£ r 
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10 



used in step 11 in place of L-methionine PNB ester 
hydrochloride, and the subsequent Na 2 S.9H 2 0 step was 
omitted. 

% NMR (CD3OD) <s 8.59 d <J - 7.5 Hz) , 7.93 S, 7.42 - 7.48 m 
6 14 dt (J = 7.2, 14.4 Hz, 5.58 dd (J = 8.0, 15.4 Hz) , 4.47 
4.51 «. 3.87 q (J - 6.9 Hz) , 3.59 d <J = 6.6 Hz), 2.85 dd 
(J - 6.1, 14.0 HZ), 2.77 dd (J = 6.3, 14.2 Hz), 2.06 - 2.24 it 
1.99 s, 1.95 - 2.05 m, and 1.76 - 1.86 m. 

19 F{ 1 H ) NMR (CDC1 3 , CFCI3 = 0.0 ppm) 6: -62.5 (s) . 

Example 149 

Propound PMQSl 



conhj 

Compound PM051 was prepared in the same manner as that 
described in Scheme VIII, but R017M was combined with 
L-glutamine t-butyl ester hydrochloride instead of 
15 L-methionine PNB ester hydrochloride, and the subsequent 
Na 2 S.9H 2 0 step was omitted. The following characteristic 
values were obtained by nuclear magnetic resonance 
spectroscopy: 

1 H NMR (CD3OD) *: 7.30-7.43 m, 6.13 dt (J = 7.2, 14.4 Hz), 
20 5.57 dd (J = 8.1, 15.4 Hz), 4.32 - 4.35 m, 3.86 app q 

(J = 6.8 HZ), 3.55 d (J = 6.6 HZ), 2.85 dd (J = 6.3, 14.1 Hz), 
2.77 dd (J = 6.3, 14.2 Hz) , and 1.77 - 2.06 m. 
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Compound puo» 



Example 150 




described ln scheme mi, but 2 -furanboronic acid was used in 
Place of benseneboronic acid in step 3, and Methionine 

T^etb eSter hydrOChloriae ™- — in step n in piece of 
^netbaon.ne PNB ester hydrochloride, and tbe subse g uent 

accoT 2 P ° nitted - 2 " FUran b °" nlc «" «• rained 



« (» - i.e. 3.3 «.» dt „ = 7>1 . 14 . 2 H2)( 5 . 5 ' da 

(» - ..a. 15.4 HZ,. 4.72 - 4.75 3.85 , , S . ... „, , 3 . 52 

Jll : 2-85 dd (J = 6 - 2 - i4 - 2 H2) - 2 - 75 ** w : «.5. 

Example 151 

Compou nd PMosa 



s 
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Compound PM062 was prepared in the same manner as that 
described for compound PM212 in Example 175, but step 12, 
Scheme VIII (Na 2 S.9H 2 0, omitted in the preparation of PM212) , 
was replaced by a LiOH/MeOH/H 2 0 hydrolysis. 

1 H NMR (CD3OD) 61 7.26 - 7.33 ». 6.12 dt (J = 7.1, 14.2 HZ) 
5 53 dd (J = 8.1. 15.4 HZ), 4.74 - 4.76 «. 3.86 q (J = 6.7 
BE). 3.50 d (J — 6.5 HZ), 2.57 - 2.98 B. 2.21 - 2.30 m, 2.14 
s, 2.01 - 2.14 m, and 1.22 t (J = 7.6 Hz). 

Example 152 

Compou nd PM071 

,CF 3 



15 



20 




Compound PM071 was prepared in the same manner as that 
described in Scheme VIII, but 4-trif luoromethylbenzeneboronxc 
acid was used in place of benzeneboronic acid in step 3, and 
L-methionine t-butyl ester hydrochloride was. used xn step 11 
in place of L-methionine PNB ester hydrochloride, and the 
subsequent Ha.SOH^ step was omitted. The following 
characteristic values were obtained by nuclear magnetxc 
resonance spectroscopy: 

*H NMR (CD3OD) 6: 7.58 - 7.68 m, 7.38 - 7.45 m, 6.14 dt 
(J^.l. 14.2 HZ), 5.57 dd (J — 7.7, 15.0 Hz), 4.50 - 4.52 m, 
3.82 - 3.90 m, 3.57 d (J = 6.4 Hz) , 2.85 dd (J = 5.9, 
13 .9 HZ), 2.76 dd (J = 6.1, 14.1 Hz) , 2.18 - 2.30 m, 1.94 - 
2.12 m, 2.00 s, and 1.78 - 1.86 m. 

"F^NMR (CDCI3, CFCI3 = 0.0 ppm) 6: -62.3 s. 
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Example 153 

Compoun d PMQ79 




20 



Compound PM072 was prepared in the s * mo « 
, Pla ° e ° f "en 2ene boronic acid i„ step 3 , . 

1 ; onin r ifone ism ^ 0 = hlori ae p „ as 

^e suo " P 6 ° f L - ethi ° ni - "» -t« hydrochloride, and 
the subsequent Na 2 s.9HjO step was omitted. 



2.29 - 2.37 m, l. 96 - 2 . 10 , f and Q 9Q d (j ^ ^ »< 

Example 154 

15 Compound PMnai 



XONHj 



SMe 

n a n n. The " I r tiC COnpOUnd PM0S1 »" Prepared in the same 
manner as that described in Scheme VIII, but L -methionine 
amrde hydrochloride „as used in step u in pSa ^Tt 
meth.on.ne P„B ester hydrochloride, and the subsequent 
Ka 2 s. S „ s „ step was Mltted . ^ foiiowing etme J££ 
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values were obtained by nuclear magnetic resonance 
spectroscopy : 

1 H NMR (CD3OD) 6: 7.34 - 7.44 m, 6.16 dt (J = 7.2, 14.3 Hz) , 
5 60 dd (J - 8.0, 15.4 HZ), 4.40 - 4.44 m, 3.89 q (J = 6.8 
HZ), 3.58 d (J =7.0 HZ), 2.88 dd (J =6.3, 14.2 Hz), 2.79 dd 

(J = 6.4, 14.2 HZ), 2.00 - 2.14 m, 2.03 s, 1.85 - 1.94 m, and 

1.66 - 1.75 m. 

Example 155 

Propound PM082 




H S N^ 



SMe 



10 compound PM082 was prepared in the same manner as that 

described in Scheme VIII, but i-naphthaleneboronic acid was 
used in place of benzeneboronic acid in step 3, and 
L-methionine t-butyl ester hydrochloride was used in step 11 
in place of L-methionine PNB ester hydrochloride, and the 

15 subsequent Na 2 S.9H 2 0 step was omitted. (Note: this compound 
exhibits rotational isomerism in the *H NMR at room temp.) 

*H NMR (CD3OD) 5: 7.85 - 7.92 m, 7.19 - 7.64 m, 6.19 dt 
(J = 7.2, 14.5 HZ), 5.60 - 5.67 m, 4.24 dd (J = 3.6, 8.9 Hz), 
4 18 dd (J = 4.1, 8.7 HZ) . 3.87 - 3.91 m, 3.62 d (J = 6.6 Hz) , 
20 2.88 dd (J = 6.3, 13.8 Hz), 2.79 dd (J = 6.3, 14.1 Hz), 1.81 
s f 1.76 s, and 1.19 - 1.81 m. 
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Example 156 

Compou nd PMoo-i 



Compound RM091 was preparer? 

spectroscopy^ ^ " UClear resonance 

'H HMR (CD,OD) 4: 7.33 - 7.60 ,, e ls dt ., . , , 

- ,» - „. 4 4 . 4 ; J 3 ; 9 • ;- 5 

' 6.9 Hz), 3.84 dd (J = 4 d ,, , „ t PP q 

».» Hz,, 3 . 59 d (J . , * Bz ; 8 - »■«' « c - 4.x, 

2-79 dd (J... 4 , 14 . 2 2 " 89 M *nd 

Example 157 

Compou nd PM092 



Compound P M092 was prepared in the same manner as that 
described in Scheme VIII, but 3-thionho. k . manner as th at 
in Pl ace o* b e n2en e b o ronl c ZTTZl * 
-nine Mthyl es ter hydrochlorlde £ I ^ l^T^ 
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place of L-methionine PNB ester hydrochloride, and the 
subsequent Na 2 S.9H 2 0 step was omitted. 

*H NMR (CD3OD) <: 7.30 - 7.47 in, 7.24 ID, 7.13 dd (J = 1.2, 
4.9 HZ) , 6.97 dd (J = 3.5, 5.1 Hz) , 6.83 m, 6.14 dt (J = 7.2, 
14.5 HZ), 5.56 dd (J = 7.7, 15.4 Hz), 4.79-4.82 IU, 3.88 q 
(J = 6.7 HZ), 3.76 S, 3.54 d (J = 6.2 Hz), 3.19-3.42 », 
2.88 dd (J = 6.1, 14.1 HZ), and 2.78 dd (J = 6.3, 14.2 Hz). 
Example 158 

propound PM101 




Compound PM101 was prepared according to Scheme VIII with 
the substitution of R013M cis for R013M trans. The following 
characteristic values were obtained by nuclear magnetic 
resonance spectroscopy: 

1 H NMR (CD 3 OD) 6: 7.30 - 7.44 m, 6.08 dt (J = 5.3, 15.3 Hz) , 
1.3, 10.3 HZ), 4.45 - 4.49 m, 4.35 dt 

3.64 app d (J - 7.5 Hz) , 2.74 - 2.86 m, 
2.00 m, 1.99 s, and 1.68 - 1.80 m. 
Example 159 
Compound PM102 



5.50 app tt (J 
(J =4.5, 13.0 Hz) , 
2.04 - 2.12 m, 1.92 



HS 



^,CO,H 

s 
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ta.ST*" Prep ^ d in «» sa»e manner as that 

described in scheme VII! , but 3-carboxybenzaldehyde was used 
in place of S-foraylsalicylic acid in step i, steDS "J""? 

s :::: r^rr 1 :. 4 - butyi — 

I ~™ — 8 ; — : ~ — - ; ... . ^ 
« ■ •••• •■» »i. >... • ,» . ... ,,. , " * " 

2.20 m. 2 - 13 S ' and 2-03 - 

Example 160 




Compound PMlll was prepared in the sam'e manner as th .* 

aci: r :r in d schene wn « tut — thyibereirorot: 

acid was used in place of benzeneboronic acid in step 3 Z 
L -me thio ine Bethyl ester hydrochloride 

s :i: gu : t L H :r;: in ; PHB ester 

hydrolysis The follow P T * "°»'«*°»'»,° 

y oxysis. The following characteristic values were obtain,* 
by nuclear magnetic resonance spectroscopy: 

>H NHS ( c D3 OD, 7 . 57 . 7 . 68 „, 7 . 39 . ? 45 

8 ; I « ; 3 Hz) - 5 - 58 dd (J - 8 -°- is -< •■«• " «•«• ». 

3-87 g (J = 7 . 4 H2) , 3 . 58 d (J _ 65 hz)j 2 ^ »• 
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14.2 Hz) , 2.77 dd (J = 6.4, 14.2 Hz) , 1.92 - 2.18 m, 1.99 S, 
and 1.72 - 1.82 n. 

Example 161 

fnTnpniind PM112 

° s 

SMe 

5 compound PM112 was prepared in the same manner as that 

described in Scheme VIII, but tetramethyltin (with LiCl xn 
DMF) was used in place of benzeneboronic acid in step 3, and 
L-methionine t-butyl ester hydrochloride was used xn step 11 
in place of L-methionine PNB ester hydrochloride, and the 

10 subsequent Na 2 S.9H 2 0 step was omitted. 

1« NMR (CD 3 OD) 6: 8.58 d (J = 7.7 Hz) , 7.18 - 7.28 m, 6.09 dt 
(J = 7.2, 14.4 HZ), 5.50 dd (J = 8.0, 15.4 Hz) , 4.73 br dd 
(J - 4.5, 9.6 Hz) , 3.84 q (J = 6.8 Hz), 3.47 d, (J = 6.4 Hz) , 
2.83 dd (J = 6.2, 14.2 Hz) , 2.74 dd (J = 6.4, 14.1 Hz) , 2.48 - 
15 2.69 m, 2.38 s, 2.18 - 2.28 m, 2.11 s, and 1.99 - 2.10 m. 

Example 162 

mmpminH PM122 



° s 

SMe 

compound FK122 was prepared in the same manner as that 
described in Scheme VIII. but step 2 was repiaced with ■ . 
diethyl suXfate ablation step. step 3 was omxtted. 
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10 



% NMR (CD3OD) f: 7 . B0 d (J . 

*» (J - 8.0, 15.4 „z, 4 si dd J ' ' HZ >' 5 -« 

- 3.96 », 3 48 d ,T , ' H2) ' 4 - 01 

Hz,. ,„ dd ( ; ^ ; H - - „ ~ .... M-1 

2." = , and 2.10 - 2 . 20 2 -" »' 2 - 25 " 2 -32 ». 
Example a 63 

Componn* t> M m 

0 Y 

leucine PHB ester hydlocniorTde I" COmbi " ed " ith L " 

in Schene VHI. T be t olL * " Sre M d ««ibed 

20 4.« , (J = 7>1 „' 3 85 ' " 8 -°' 15 " 4 H2) ' 4 " 21 " <-35 n. 
(J - 6.6 HZ, 2 86 dd « " <J = 50 82) ' 3 - 55 « 

«.» hz,, 1 . 2 e" 8 1 6 .4 d 6 a B w ;. o v 2 ; 1 " 1 - 2 2 B H2, 0 ', 2 - 76 dd (J ■ 

and 0.76 d (J = 6.5 HZ,. ' °- 79 d (J " 6 " 6 Hz, , 



15 
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Example 164 

Compoun d PM132 



15 




Compound PM132 was prepared in the same manner as that 
described in Scheme VIII, but 3-thiopheneboronic acid was used 

5 in place of benzeneboronic acid in step 3, L-methionine methyl 
ester hydrochloride was used in step 11 in place of 
^-methionine PNB ester hydrochloride, and the subsequent 
Na 2 S.9H 2 0 step was omitted. Furthermore, between steps 6 and 
7 in Scheme VIII, a diimide hydrogenation step was xnserted 

10 (see Equation 2) . 

1 H NMR (CD 3 0D, S: 7.25 - 7.45 m, 7.19 dd (J = 1-6, 4.8 Hz) 
4 59 dd (J - 4.4, 9.6, 1H), 2.89 dd (J = 4.6, 14.7 Hz), 2.72 
- 2.75 m, 2.71 dd (J = 6.4, 14.7 Hz), 2.25 - 2.32 m, 2.14 - 
2.22 m, 2.03 s, 1.97 - 2.06 m, and 1.69 - 1.87 m. 

Example 165 

^r nnTld PM141 



^COiH 

s 

SMe 



Compound PM041 hydrochloride (0.0320 g, 0.06464 mmol) was 
dissolved in MeOH (16 mL) and H 2 0 (6 mL) , and LiOH (0.0312 g 
1 3027 mmol) was added. The resulting solution was starred 
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10 



for 24 h at room temp, quenched with TFA ( 0 no 
magnetic resonance spectroscopy: Earned by nuclear 



l H mm ( c D3 od) «: 7 . 31 - 7 . 41 n< 6-09 _ 

5.55 ad (J . 8.3. 15 .4 Hz, , «.,, . ' " ' J " 7 „- 2 ' "*> • 

*). 3.50 d (J - 6 . 7 Hz) , 3.' 06 , ' ^\ »< « (* - 7.3 

1.92 - 2.0O ™ -. eo _ _ _ 1 2 H2) ' 2 - 07 - 2.15 m. 



Example 166 

ComOQimri BU 1t? 

MeO^^^ 
H 2 N^^^U^Y-N^CO a H 

0 s 




Compound P M142 was prepared in the 
described in Scheme VIII but 2 iJt T 1M " ir aS that 

used i„ place of Ut 2 " ffietho ^^ 2 eneboronic acid was 

place of benzeneboronic acid in s tP„ , 

Chem., 6:160-161 (1967). ' Jnor *- 

c* - «•« Hz,, 2 . 86 dd tJ = 6 .3. 14 . 2 H2)< 2 J ; 76 3 d 7 d 4 s - 3 - 55 a 
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(J = 6.4, 14.0 HZ), 1-99 s, 1.98 - 2.16 B, 
1.65 - 1.70 m. 

Example 167 

compoun d PM151 



N^,CO s Et 

s 



1.89 - 1.94 m, and 



compound *H041 was prepared in the same manner as that 
described in Scheme VIII. but B017M was combined with L- 
methionine ethyl ester hydrochloride instead o£ I-meth.onrne 
P„B ester hydrochloride, and the subsequent Na 2 S.9H 2 0 step was 
omitted. The following characteristic values were obtained by 
nuclear magnetic resonance spectroscopy: 

>H ™» (CD 3 OD, .. 8.39 d (J = 7.7 Hz), 7.31 - 7.41 m, 6.13 dt 
.J-7.2. 15.2 HZ). 5.57 dd (J -8.0. 15.4 Hz) , 4.45 - 4.50 «. 
4 15 q. (J - 7.1 Hz) . 3.86 app q, (J = 6.8 Hz). 3.55 d 

6.7 HZ,, 2.85 dd (J = 6.3. 14.1 Hz, , 2.77 dd (3 = 6.3. 



- 2.15 IB, 
7.1 HZ) 



1.88 



- 2.00 m, 1.98 S, 1.69 - 1-81 m. 



Example 168 



14.1 HZ) , 2.05 
and 1.25 t (J « 

rnmpound PM1S2 



compound. PM152 was prepared in the same manner as that 
described in Scheme VIII. but 3-thiopheneboronic add was used 
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5 



in Place of benzeneboronic acid in step 3 L-3-,, «,< 
alanine aethyl ester hydrochloride „aa used in ' st e P ,7 ' " 
Place of L-methionine pnb ester hvd™ „, ln 
subsequent Na,s.9H O st „ hydrochlorrde, and the 

hydrolysis. 2 2 P rePlaCEd *" a "OH/MeOH/H j0 

^T-V; 7 s 2 i s „■ ■• 7 - - (j - «•« 
£-«... r 4 - 79dd 

14.1 Hz) . 2 H2) ' ^ 2 ' 79 dd (J - 6.4, 

Example 169 

CoMD01lnri 



s 



^thioninesulfone methyl ester £ 

» hydro^s/rsi::: ^™ c ^ Li0H/MeoH ^° 

by nuclear Mg „ e tic resonance spectroscopy? " "^"^ 
l H mm (CD^OD) S: 7.37 - 7.46 », g. ls at , , , ,„ 



90 

and 1.95 - 2.03 m. 
168 - 
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Example 170 

Pmnpound PM162, 




compound PM163 was prepared in the same manner as that 
described in Scheme VIII. but 3-thio P heneborcnic add was used 

L-methionrne 

in place of benzeneboronic acid in step 3. an 
t-butyl ester hydrochloride was used in step 1! in place ot 
L7ethionine PHB ester hydrochloride, and the — 
„a step was omitted. Furthermore, between steps 6 and 

7 in Scheme VIII, a diimida hydro g enation step was inserted 
(see Equation 2) . 

>„ NMR «cr> 3 0D, .= S.47 d «, = 7.7 Hz,, 7 37 - 7 ,7 m, 7.33 dd 

(J . ,„ ..3 hs,. 4-S7 - ; .« m. 3 ? aa «a - .... x - 

2.71 - 2.86 m, 2.28 - 2.35 m, 2.17 Z-« m ' 
2.12 m, and 1.70 - 1.91 

Example 171 



rnmpound PM172 



compound PM173 was prepared in the same manner as that 
.escribed in Scheme VII, but ^£^£2^ 
hydrochloride was used in step n in p 
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2 H NMR (CD3OD) S: 8.41 d (J = 7.9 Hz) 7 17 , 

2.79 dd (J = 6. 4 , 14 . 2 Hz) . "*>' 2 - 86 " 2 -« »- and 

Example 172 

Compound PMlft? 




,COjH 



Compound PM182 was prepared in 
described in Scheme V„I, ^ " 2 V* ■ ""^ " 
in piece o f tmMbm ^ l T.LZT^T^r^ 
t-butyl ester hydrochloride was used in ttli u I! , 

-.^UZ. ZZJ. - 

14.2 Hz) , 2.29 - 2.36 m, 2.17 - 2 ™ -> «^ 

' 2.25 m, 2.06 s ? nt; _ •> ■. a 

and 1.79 - 1.90 m . ' 2,05 2 ' 14 
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ggaegHoa PM192 



compound PM192 was prepared in the same manner as that 
described in Scheme VIII, but 3-thio P heneboronic acid was used 
5 in place of benzeneboronic acid in step 3, and L-methionine 
methyl ester hydrochloride was used in step 11 in place of 
L-methionine PNB ester hydrochloride, and the subsequent 
Na 2 S«9H 2 0 step was omitted. 

>. HHB <CD 3 OD, S-. 7.33 - 7.48 ». 7.22 dd (» - 2.0. 4.4 
X0 6.16 dt (J - 7.2, 15.4 Hz). 5.59 dd (J - 8.1, 15.4 Hz). 4.59 

4.65 >. 3.89 , (J = 6.9 Hz, , 3.75 s, 3.57 d, (J - 6.3 Hz), 
2.88 dd (J - 6.7. 13.8 HZ). 2.80 dd (3 = 6.3. 14.1 ■»>.«•"- 
2.35 >. 2.18-2.25 >. 2.06 s. 2.00 - 2.11 m, and 1.81 - 1.90 «. 
Example 174 
15 r ""r n ' md PM202 S 




compound PH202 was prepared in the same manner as that 
described in Scheme VIII, hut 3-thiophenehoronic acid was used 
in place of benzeneboronic acid in step 3, and 
L -methioninesul f one methyl ester hydrochloride was used zn 
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10 



15 



' 1 Ha 2S.9H 2 0 step was omitted. 

*H NHR (CD,0D) S: 7.35 - 7.50 », 7 23 dd ,7 , 

6.15 dt (J = 7 , , . ' " " (J " l -L 4-8 Hz) , 

>r dd (J '. 4 . 7 9 '. "„; 3 89 br^ T ' J = 8 -°' H2) ' «•« 



Example 17s 

1 IT h 

1 s 

SMe 

was osed in place of ^e^o ZT^T *" 

by a catalytic hydrogenatien P 3 ' £oll °»<*> 

^ethioMne .ethyfester hvd k * E5U " l0n *>' 



and the 



*H NMR (CD3OD) 5: 8.76 d (J = 7.5 Hz) 7 ^ , 

», 3.87 g (J = 6 . 8 H „ 3 15 ; 4 ' 4 ' 76 " 4.81 

«. 2.1. - 2 . 26 J 2 .i3 s , ' 2 . 3 0 ; 50 . d 2 J 3 ; 6 - 3 d Hz >< — - 

(J . 7. 6 Hz)< ' 2 ' 13 »» and 1.22 t 
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"TTfT p«"->r>TMEHTS 
From the above description, one skilled in the art can 
easily ascertain the essential characteristics of the present 
invention, and without departing from the spirit and scope 
thlreof can ma*e various changes and modifications of the 
Invention to adapt it to various usages and conditions. Thus, 
other embodiments are also withing the claims. 
What is claimed is: 



- 173 - 



WO 95/25086 

PCT/US95/03387 



£L&ims 

A compound having the formula: 



(I) 



-ino-protactin^ronp £Vafc ^"f T " 

C 2 . 14 .Ucyloxycarbonyl/ or w hen ^ ° M « 

R is " 



R 4 £ "' Cl " 6 a , lky1 ' ° r '=,-40 aryl )( c 0 . 6 alky!, , 
(Co 6 a» yl) 3 -" c CyCl0alky1 ' (C '-" -eterocycaic rad/oaX,- 

l- 6 axicyi, (c 3 . 10 heterocyclic radical) (C n e alkvlt 

O. S. so, 2 or ( so ° ^' is ° r o -^».^'«»«*,)^ (wherain A 2, L 
20 any otnar side ciain", a natu 1, ' ^ ' *" °' « »> • « 

C 3 - 16 heteroaryl, ^0, m i v f^ u 

any other carboxyi-orote,-,- • ' ' ° r NHOR ' ° r 

*». independent/ To ' ^ *™» ° f »" - 

25 radical) (c 0 , alkyl) c ( ° 3 ' 16 neter °cyclic 

^ o/an'y' ^■SSSS^^'-Sri- 

C,-e .W, a=y 1)oX y (Cl . 12 al * yl) , »' 
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(Cll2 alkyl), or C 2 _ 14 alkyloxycarbonyl , or any other 
hydroxy 1- or carboxyl-protecting group, and R is H, 
Cl _ 6 alkyl, or (C 6 . 40 aryl) (C 0 . 6 alkyl); 

X is =0, =S, or two singly-bonded H; 
5 y is selected from the following five formulae: 

wherein R 14 is H, halide, hydroxy, C 1H5 alkyl, C 2 _ 6 alkenyl, 
C 2 6 alkynyl, C x _ 12 alkoxy, C x . 6 acyloxy, C x . 6 acyl. <W aryl, 
c 3 AO heterocyclic radical, C 3 . 40 heteroaryl, 
10 Cl I 12 alkylsulfonyloxy, C a _ 12 haloalkylsulf onyloxy , 
C 6 _ 40 arylsulf onyloxy, or c 6 . 41 aryloxy; 

t is 

(ii) 




15 



wherein R« is H, halide, hydroxy, C x _ 6 alkyl, 2 -e a» 

C 2 6 alkynyl, Cl _ 12 alkoxy, Cl . 6 acyloxy, C x . § acyl, C 6 . 41 aryl 

C 3 40 heterocyclic radical, C 3 . 40 heteroaryl, 

c['Z alkylsulfonyloxy, C w2 haloalkylsulf onyloxy , 

C 6 . 40 arylsulf onyloxy, or c 6 . 41 aryloxy; 



(iii) 



C 2 _ 6 alkenyl, 



20 



wherein R 16 is H, halide, hydroxy, C a . 6 

C 2 . 6 alkynyl, Cl . 12 alkoxy, acyloxy, acyl, c 6 _ 41 aryl 

e. heterocyclic radical, C 3 . 40 heteroaryl, 



C 3 _ 40 heterocyclic radical 
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Ci-U alkylsulfonyloxy, Cl _ la haloalkyisulf onyloxy 
C 6 -40 arylsulfonyloxy, or c 6 . 41 aryloxy; 



(iv) 



n — 



R 19 

(v) 



V* 1 ' Cl -« acyl ' «V«o aryl, ( c 0 . 6 alkyl,., 
C,.„ heterocyclic radical, c 3 . 10 heteroaryl. 

R as an organic moiety having fewer than *n 
or, when taker, . , ftan 50 carbon atoms 

rrrTaC :;;:r f — 1 — 

or a pharmaceutical^ acceptable salt thereof. 
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A compound of claim 1, having the formula: 



R 7/ ^1 ? 3 (ID 



R 



R 2 X 



wherein R 1 is H, NHR 8 , or NR 8 R 9 , wherein R is H, 
C. 6 alkyl, C a ^ acyl, C 2 . 14 alkyloxycarbonyl or any other 
amino-protecting group, and R 9 is alkyl. acyl 

C 2 14 alkyloxycarbonyl or, when taken together With R , a 
bifunctional thiol-protecting group; and 

R v is H; a thiol protecting group or, when taken together 
with R 9 , a bifunctional thiol-protecting group; or a moiety 
set forth in the above generic formula (II) wherein R is 
aeleted, said compound being a symmetrical disulfide dimer or 
an asymmetrical disulfide; 

or a pharmaceutical^ acceptable salt thereof. 
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A compound of claim 2, having the following 



formula: 



R 3 
R 2 X 



wherein >> is ^ or ^ 
<W acyl, Cj _ 14 alkyloxycarb 
5 -—«; V -P- ana R * ls Cl . 6 a V llc ; i( ^cy! 

C L" ■' T' C3 -" het ^°=y<=«c radical 

C 3 . 10 heteroaryl, nhrIO ^io,,!! „ a0oBll J"' 

10 other carboxvl-orot.^^ ' NH0R ' or any 

lnii „ „ ^ Protecting group (wherein each of s 10 ,„„ »" 
independently, is c. 6 alkyl re >, .. and R ' 

(C 0 - 6 alkyl) e iTt , 3-16 heterocyclic radical) - 

) ° 6 "' ucy - 1 '' c 2-14 alkyloxycarbonyl, or (c h=» 
(C,. 6 alkyl, ,, R 12 is y ' ° r (< =3-« heteroaryl, - 

alkyljoxy,^ alkyl, or "Z^^" alkyl) • 
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4 . a compound having the following formula: 

^S^ d 23 

R 22 X 4 

wh erein R» is H, NH 2 , NHR 28 » or rfV. wherein each R« 
and R». independently, is Cl _ 6 alkyl, C„ acyl, 
c 2 „ 14 alkyloxycarbonyl; 

r« is H, C^g alkyl, (C 6 . 40 aryl)(C 0 . 6 alley 1) . 
(C 3 10 heteroaryl) (C 0 . 6 alkyl) ; 

3 10 r« is H, Cl . B alkyl. or (C 6 . 40 aryl C 0 -e alky* 
R 2* is C 3 16 cycloalkyl, (C 6 . 12 aryl) <C 0 _ 6 alkyl), 

3—16 * aikvl). (C 3 »in heteroaryl)- 

(Co _ alkyl). (C3.X0 S", 6 kh 2 or -(ch^^co,^- 

MCH 2 )„^-(CH 2 ) -CH3. -(CH 2 )„<C O, 2 ^ ^ ^ ^ a ^ 3< 
(CH 2 ,.CH3 (wherexn ^ * slde % hain of a naturally 

heterocyclic radical, C 3 . 16 heteroaryl , nhk , 

carbonyl. or <C,. X6 heteroaryl, («W **» ■ ^ 
Cl 6 alkyl, (C wa acyl)oxy(C x . x2 alkyl), ( x-» 
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v< ~ trom tne following five forauiae; 



(Vi) 



wherein *34 ± . H> ha 

C 2 - 6 al kynyl , Ci . i2 alkQxy/ ^ C - -^Tl. C alKenyl, 

aryl, c 3 . 40 heterocyclic radical C ' 
c i- 12 alkylsulfonyloxv c », , „ 3-40 heteroa ryl, 

"herein R« is „_ ha 

<V 6 alkynyi, Cl . l2 alk ~ I °?' , Cl - 6 ,a » l . c 2-6 »l*enyl, 

«n. c 3 .; 0 he^ccTcucr^r-c^vr' 

C l-12 alkylsulfonyloxy C >,»-, f, 3 ~ 40 heteroa ryl, 



(Viii) 

wherein R 36 is H# ha 

C 2 - 6 al*ynyl, ^ alkoxy , 'JV alk6ny1 ' 

^1, c 3 . 40 heterocyclic radical c \ 7 ' 

c l-l2 alkylsulfonyloxv c , 3-40 heteroa ryl, 
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ri " 



(ix) 



. . R 37 is h Cl 8 alkyl, (C 6 . 40 aryl) (C 0 - 6 alkyl) , or 
wherexn R xs H, Cj.. heterocyclic radical) 

(C 3 _io heteroaryl) (C 0 _ 6 aiKyjj , i 3-10 
(C 0 _ 6 alkyl) ; and 



n 



(X) 



wherein R 38 is H, Cl . B alkyl, (C 6 . 40 aryl) (C 0 _ 6 alkyl), 

( C 3 . 10 ^^J^^7^S. SO, SC 2 , or ^ 
( c,_ 10 heteroaryl) (C 0 _ 6 alkyl) . an , rv i)- 
vherein K» is H. C« alkyl, C 4 aoyl. C 6 ,„ aryl, 
,r alkvl) (C 3 : « heterocyclic radical) <C 0 - 6 elkyl) , 
(C„. 6 alkyl), IC3 12 alK yloxycarbonyl; or 

(C3 . 10 heteroaryl) C„ e al kyl) . a » ^ bifun=tional 

r ei a n ryT TJLSZ L, -erocyclic radical, or a 
^^^1:1. accepted aalt thereof 
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A compound of claim 4, having the folioving 




formula: 



(V) 



wherein r*i is H/ m Qr 28 28 

c i-s acyl. or c all , , ' bein 9 c i-6 alkyl, 

1-6 <-yx, or c 2 _ 14 alkyloxycarbonyl; 

R is H or methyl; 
R " ( CH J4 , iS T (CH ' )(C=0,R26 ' R "<™-XC-S,R", or 

V 4 is selected f rom the following thrfie forffiulae: 



(xi) 



(xii) 



and (Xiii) 

10 wherein Z « ls 0 , s> ^9, whfireln 

<=!- 6 acyl; or wherein R 38 and ' C l-« al *yl. or 

Afunctional c 6 . 40 aryl, a Motional c *™ " 

radical, or a bifunctional C 3 . ls heteroaryl " hete " C1 ' CllC 
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6 . A compound of claim 4, having the following formula: 
R 22 O 

wherein R 21 is NH 2 or NHR 2 *, R 28 being c a _ alKyl, 
Cl _ 6 acyl, or C 2 _ 14 alkyloxycarbonyl; 
R 22 is H or Ci.g alkyl; 

R 2 « is C 3 16 heterocyclic radical, C 3 . 16 heteroaryl, 
r"<CH-)<C=0)R 2 '. or R 2 *(CH-)(C=S)R 26 , wherein R 2 is 
c alkvl. hydroxymethyl, -(CH 2 ) n -A -(CH 2 ) m -CH 3 , 

c alkvl, or (C,. 12 acyljoxyCCj.u alkyl) ; and 
l " y^ is selected fro* the following three formulae: 

(X iv> <-) ^ <XVi> 

v • 1. o S or NR 39 , wherein R 39 is H, C >6 alkyl. or 

, wherexn Z> xs O, S, , o » . toge ther forn a 

Cl . s acyl, or *~» » functional c 3 . 12 heterocyclic 
Afunctional C 6 _ 40 a*? 1 ' a 

radical, or a Afunctional C 3 . 12 heteroaryl. 
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7. A compound having the following formula: 

! rz (VII) 

wherein X 7 is O or S; R« i s H r lb , 
C 2 - 14 al^car^, each o "^'^"^T'i T' " 

*■ -*yi. c 3 . 12 c ycl o alkya , ; 6 ; ; c lnde ~ ly ' 
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8. A compound having the following formula: 
A 8 

(VIII) 



10 



15 



h .in H« is H, NH 2 , NHR 42 , or NR 42 R 43 # "herein R 42 is 
C I" C, 6 acyl alfcyloxycarbonyl, or any other 

^o-^tecting group, and R 43 is c« alley!, C e acyl, 
C 2 14 aDcyloxycarbonyl or, when taXen together with 
Afunctional thiol-protecting group; 

I« is halide, hydroxy, alkoxy, 1-1-12 *. 

oxy, c 6 . 20 arylsulfonyloxy, C W2 acyloxy, C w2 carbamoyl, 
any other activated leaving group; 

A 8 is »0 =S, or two singly-bonded H; 

:^:=^; n T^;. — r - ^ - 

independently. 1. «C~^ %~ ^.teroaryl, - 

(C 0 . 6 aUcyl), « " elKyDoxyCC^ alfcyl) . or 

(Cl . 12 ^ 1 >°^ (C >;» ' il^otecting group, and R« is 

any other -^-^ A » is tMO singly-bonded 

20 B „- ;« £ ; u :r^r t ne = >«— « — *° ana *« » 

bonded to either a N or o atom of .' ; and 

B« is H: a thiol-protecting group or, 
,1 r with p" a bifunctional thiol-protectin, group, or 
together vxtb *, a ^ f ormula (VIJI) wnereln 

25 a moiety set forth in the an g syMie trical disulfide 

E« is deleted, said compound being a symme 
dimer or an asymmetrioal disulfide. 
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protecting group; Afunctional thiol- 

other activated leaving group; ^ "r^ 1 ' « »»V 

10 C w 1S T H ' C3 "" "eteroeyclic radical, 

independent^ XTT' "^"^ °* ** ™* 

fC k * 1-6 alky1 ' < C 6-10 a>Tl) <C 0 _, alJtyl) 

15 c 3 " 10 *" e " CyCllc ««-l> (Co-3 .1*1) , or 3 y ' ' 
C 3 . 10 hetercaryl,(c 0 . 3 alkyl, , E « is B , 

cS;;;;^t;% a ;r , 'i (Ci - 6 or a ny 

i= euch that the c ato B ^ to hoth 7» 
20 either a H or o at™ =46. * ls b ° nd *° to 



or o atom of R« ; an(J 

R 47 



aether with ^'S^E^S^S^'- — 
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A compound having the following formula: 



(IX) 



wherein »»» is H, NHR» or wherein R is H 

c 16 alkyl, C W acyl, C 2 . 14 alkyloxycarbonyl f or any other 
amino-protecting group, and r" is Cl _ 6 alkyl C acyl 
C 2 . 14 alkyloxycarbonyl or, when taken together with R . a 
bifunctional thiol-protecting group; 

r« is H, c a . 8 alkyl, (C 6 . 40 aryl) (C 0 _ 6 alkyl) , or 
(C, 10 heteroaryl) (C 0 _ 6 alkyl); _„, ae >. 
V is selected from the following four formulae. 

L 9 



(xvii) 
R 61 



(xviii) 



(xix) and 



(xx) 



wherein I 9 is halide, hydroxy, Cl .„ alkoxy, Cl . u alkyl- 

A 9 is =0 =S, or two singly-bonded H; 

r*« is H , NH 2 , NHOH, C 3 _ 10 heterocyclic radical, 
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C3-10 heteroaryl, nhr", NR 55 R 58 f or59/ nr 55 or5 8 # mQR eo 

srsrrtrxn?- wherein ~~ 

< c l-l2 alkyl), and s« is H or c JL, ■ 

»• ^ two si ngly - bo „ de a „ ^: a ^ c p t r v hat where 

nitrogen or oxygen atom of r56. eirner a 

fc R L iS Cl " 8 alky1 ' (Ce -" ^HCo-e alkyi,, or 
CCa.^ heteroaryl) (c 0 _ 6 al Jcyl) ; and 

with rS« *T b "' 3 ^ hiol -P rote <=ting group or, taken together 

deleted said T f0nBUl « ™ W *~ein R*? J 

-teted, saxd compound being a symmetrical disulfide h< 
an asymmetrical disulfide. disulfide damer or 
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11. A compound of claim 10, wherein R 51 is H, NHR 53 , or 
NR 53 R 54 / wherein R 53 is H f C x _ 6 alkyl, C x _ 6 acyl, 
C, 1A alkyloxycarbonyl, or any other amino-protecting group, 
and R*< is Cl _ 6 alkyl, acyl, C 2 . 14 alkyloxycarbonyl or, 

5 when taken together with R 57 , a bifunctional thiol-protecting 
group ; 

R 52 i s H , C^a alkyl, (C 6 . 10 aryl) <C 0 _ 3 alkyl), or 
(C 3 _ 10 heteroaryl) (C 0 _ 3 alkyl) ; 

wherein L 9 is halide, hydroxy, C^, alkoxy, 
10 C X 6 alkylsulfonyloxy, C 6 _ 10 arylsulf onyloxy , Cl _ 7 acyloxy, 
Cl /carbamoyl, or any other activated leaving group; 

R56 is H, NH 2 , NHOH, C 3 . 8 heterocyclic radical, 
C 3 8 heteroaryl, NHR", NR"rS 8 , OR* 9 , NR^OR**, NHOR«\ or any 
other carboxyl-protecting group, wherein each R and R , 
15 independently, is Cl _ 6 alkyl, (C 6 . 10 aryl) (C 0 _ 3 alkyl), 
(C 3 10 heterocyclic radical) <C 0 _ 3 alkyl) , or 
(C 3 10 heteroaryl) (C 0 . 3 alkyl), R 59 is H, C M alkyl, 
(Cl 7 acyl)oxy(C 1 . 7 alkyl), (C x . 7 alkyl) oxy(C a . 7 alkyl), 
or e 14 alkyoxycarbonyl, and R« is H or C 16 alkyl; provided 
20 that where A 9 is two singly-bonded H, *»• is selected such 
that the carbon atom bonded to both A 9 and R** is bonded to 
either a nitrogen or oxygen atom of R 56 ; 

r" is H, c a . 8 alkyl, <C 6 . 20 aryl)(C 0 . 3 alkyl), or 
(C 3 _ 10 heteroaryl) (C 0 . 3 alkyl) ; and 
25 R 57 is H; a thiol-protecting group or, when taken 

together with R 5 «, a bifunctional thiol-protecting group; or 
a moiety set forth in the above generic formula (IX) wherein 
r« is deleted, said compound being a symmetrical disulfide 
dimer . 
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A compound having the following formula: 



Ft 



(X) 



wherein T « is selected from the following three 
formulae: 




L 10 

(xxi) 



(xxii) 



and 

(xxiii) 

wherein l" is halide, Cl . 12 alkoxy, Cl . 12 alkylsulf onyloxy , 

arylsulf onyloxy, Cl . 12 acyloxy, Cl _ 12 carbamoyl, or any 

^V 01 ^ 6 * ' eaVing gr ° UP; is H ' N «2' NHR 67 , or 

NW wherein R67 is Ci _ fi ci _ e acy ^ . . 

carbonyl or any other amino-protecting group, and R<* is 
Cl " 6 alky1 ' °i-6 C 2 . 14 alkyloxycarbonyl or, when taken 

together with R*\ a bifunctional thiol-protecting group; r" 
is H; a thiol-protecting group or, when taken together with 
R , a bifunctional thiol-protecting group; or a moiety set 
forth xn the above generic formula (X) wherein R 6 < is deleted, 
said compound being a symmetrical disulfide dimer or an 
asymmetrical disulfide; 

R 66 is H, Cl . B alkyl, (c 6 . 40 aryl) (c 0 _ 6 alkyl) , or 
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( C 3 _ 10 heteroaryl) (C 0 _ 6 alkyl) ; 

r" is H, NH 2 , NHOH, C 3 . a0 heterocyclic radxcal, 
C 3 10 heteroaryl, NHR 69 , «W. OR-, »*"o*>° , NHOR 7 , or any 
other carboxyl-protecting group, wherein each of R« and R , 
independently, is c« alkyl, (C 3 _ 16 heterocyclic radical) - 
(Co 6 alkyl) , or <C 3 _ 16 heteroaryl) (C 0 . 6 alkyl) , R « H, 
C,. 6 alkyl, (C^ acyl)oxy(C 1 . 12 alkyl) , or 

(Cl . 12 alkyl)oxy( Cl . 12 alkyl), and r" is H ox : C alkyl; 
provided that where A» is two singly-bonded H , R« is selected 
such that the carbon atom bonded to both A* and R 63 is bonded 
to either a nitrogen or oxygen atom of R 63 ; 

A 10 is O, S, or two singly-bonded H; and 
R« is H, Ci.e alkyl, (C 6 _ 40 aryl)(C 0 _ 6 alkyl), 
(C, 10 heterocyclic radical) (C 0 _ 6 alkyl) , or 

i*-3-io * 10 , o s go, so,, or 

15 (C 3 _, 0 heteroaryl) (C 0 . 6 alkyl); and Z is O, s, so, 2 , 
NR« therein R 73 is H, C x _ 6 alkyl, acyl, (C 6 . 40 aryl)- 

( C 0 . 6 alkyl)., (C 3 . 10 heteroaryl) (C 0 . 6 alkyl), or 
C 2 _ 14 alkyloxycarbonyl. 



10 
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13 A compound of claim i 2 , wherein t io ls h 
C 1 "' 'ZT' Cl " 7 alkylSUlf °^ 1 ^. C 6 . J0 arylsulfonyloxy, 

5 is H, NH 2 , HHR", or N R " R « wherein R e, i= 

=1-6 alkyl, c,. s acyl, c 2 _ 14 alXyloxycarbcnyi or any other 
ammo-protecting group, and R« is c, , alXyl c Z, 
C^, al.yio.ycar.onyi or, when ta^ te^er^^ . 
Afunctional thiol-protecting group; R« is H . , L\ 
■ Proving group or, when tien' 'together wV r"" 1 ; 
bifunctxcnal thiol-protecting group; or a moiety set forth in 
the ahove generic formula (x, wherein R« is Listed said 
compound heing a symmetrical disulfide dimer OT an 
asymmetrical disulfide; an 

ta "IV" Cl " 8 alky1 ' (C6 ~ 20 »Ucyl), or 

(C 3 _ 10 heteroaryl, (c 0 _ 3 alkyl, ; 

R» is H, nh 2 , nhoh, c 3 . 10 heterocyclic radical, 
C 3 _ 10 heteroaryl, SHR«, NR« R 7 0/ or7 i nr 69 or70 nhor7 ' 2 q ^ 
other car b oxyl.protecti„ g group , wherein each ' of H £ 9 £ 
ndependen^y, is Cl _ 6 alkyl, ( c 3 . 10 heterocyclic radical,- ' 

C a . 6 alkyl, ( Cl _ 7 acyl,oxy( Cl _ 6 alkyl), or 

(C a _ 6 alkyl, oxy (Cl _ 6 alkyl,, and r" is H or a i kvl . 
provided that where A™ is two singly-bonded H r« £ « * 
such that the carbon atom bonded to both A- a 'J J is b T„ 
to either a nitrogen or oxygen atom of H« ; ^ " l ~ 

R is H, Cl _ 8 alkyl, (c 6 . 20 aryl) ( c 0 . 3 alkyl) f 
CC 3 . 10 heterocyclic radical, (C 0 _ 3 alkyl, , or 
(C 3 10 heteroaryl) (c 0 . 3 alkyl); and is Q/ s SQ 

wherein R 73 is H, c 2 . 6 alkyl, c M acyl, ( c 6 J aryT," 
CCo-3 alkyl,, ( c 3 . 10 heteroaryl, (cj alkyl, , or " ' 

c 2-i4 alkyloxycarbonyl. 
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4. A compound having the following formula: 

V 11 p 75 

T- 



(XI) 



wherein: 



20 



T 11 is selected from H-(C=0)-, H- ( C=0) -CH (R )- 



=,78 



LiiX^^S 



(xxiv) 



(xxv) 



wherein 

r" is H , NH 2 , NHOH, C 3 _ 16 heterocyclic radical, 
C 3 16 heteroaryl, NHR", NR-r", or", NR 8 >0R 8 *, NHOR^ or any 
other carboxyl-protecting group, wherein each R 8 * and R , 
independently, is Cl _ 6 alkyl, (C 6 . 12 aryl) (C 0 . 6 alkyl) , 

(C 3 -i6 heterocyclic radical) (C 0 _ 6 alkyl) , or 

(CU 16 heteroaryl) (C 0 _ 6 alkyl) , R 83 is H, 

C, 6 alkyl, ( Cl . 12 acyDoxyCC^ alkyl), or <C W2 alkyl)oxy- 
(Cl 12 alkyl), and R 84 is H, or C a _ 6 alkyl; 

R™ is H, Cl _ 8 alkyl, (C 6 . 40 aryl)(C 0 . 6 alkyl), or 
(C 3 . 10 heteroaryl) (C 0 _ 6 alkyl) ; 

\t> is H; a thiol-protecting group or, when taken 
together with R 80 # a Afunctional thiol-protecting group; or 
a moiety set forth in the above generic formula (XI) where* n 
R 77 is dieted, said compound being a symmetrxcal disulfide 
dimer or an asymmetrical disulfide; 

R 78 is H , NH 2 , NHR 79 , or NR R , wherein R is 
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C 2 - 14 alkyloxycarbonyl or ^ * lky l< c i-6 acyl, 

functional tMol-pLtecC^r ' ^ * 

L 1 ls halide, Cl _ 12 alkylsulfonyloxy, 

^, 0nyloxy , or any _ 

is selected froa the following three formulae: 
R 85 

(xxvi) 

wherein is H# ha hyd 

C 2 _ 6 alkynvl c al „ 1-6 alky1 ' c 2- 6 alkenyl, 

2-6 ^ynyl, Cl _ 12 alkoxy, Cl _ 6 acyloxy, Cl _ 6 acyl 
c 6-4i aryl, c 3 . 40 heterocyclic radical c ho / 

Cl - ls .x T su lfonyloxy . Ci . i2 haloal :^ E :-u:; r : ary1 ' 

c 6 - 40 arylsulfonyioxy, or c 6 ,„ ar y i OJty; ^' 

(xxvii) 

wherein R« ±8 H hal± hyd 

C 2 6 alkynvl c iv yaroxy ' c i-6 alkyl, c 2 _ 6 alkenyl, 

2 _ 6 aikynyl, c a . ia alkoxy, c 2 _ 6 acyloxy, c 2 _ 6 acyl, 
c 6-4i aryl, c 3 . 40 heterocyclic radical c h*/ 
C,. 12 alkyl su i fonyloxy , Ci . i2 ^u^^^ 1 ' 
C 6 -40 arylsulfonyloxy, or c 6 . 41 aryloxy; and 



(xxviii) 
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wherein «•» is H. halide, hydroxy. e M .1*1. C 2 6 aUcenyl. 
c alkvnyl, C, alkoxy, Cj_ 6 acyloxy, Cj.e acyl, 
el" , C 3 . 0 heterocyclic radical. c 3 . 10 heteroaryl. 

c! t alxylsulfonyloxy, Cl . 12 haloalxylsulf onyloxy. 
c 6 . 40 arylsulfonyloxy. or c 6 . 41 aryloxy; and 
A 11 is 0, s, or two singly-bonded H. 
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15. A compound oi clai m M , wherein R 75 is 
(C,. I0 heterocyclic radical) (c 0 . alkyl) ,c „ V 
(C0-3 -i*yi>. nhr« nr 81 r B2 or ^ Swi ™o R °34 ter ° aryl} - 

independently, is c, * alkvi m ' 
rc u a i <-i- 6 alkyl, (c 6 _ ao aryl) (c 0 . 3 a i kyl) 

(C 3 _ 10 heterocyclic radical) (c 0 . 3 alkyl, , or 
(C 3 _ 10 heteroaryl) (c 0 _ 3 alkyl), R 83 is H 

re "w" 8 ' Cl " S alky1 ' <C6 -" " r » 1 >««5w aikyl), or 
(C 3 . 10 heteroaryl) (c 0 . 3 alkyl) ; 

togetol'r v'An^o 8 a t "! 1 " Pr0teCti ^ «• — taken 

. Ll.Z !\ ' blfuncti °" a l thiol-protecting group, or 

H" is dented r "id n ab ° Ve 9en " 1C «> 

di„er; P ° Umi beln9 3 «»— disulfide 

■» is H. HH 2 . HHR™, or HR»RS0, whereln R „ ^ 

ai? 3 I' Cl " 6 aCy1 ' Cj "» al ^l«ycarbonyl or any other 
aMino-protecting group, and R 80 is e M alkyl. Cl _ 6 acyl 
£-14 alkylo*ycarbonyl or, when taken together with r" - 
Afunctional thiol-protecting group; r with R , a 

C 'l!' ?! lide ' Cl " alkOXy ' C ™ 8 ^^u«onyloxy, 

C 6 " 2 °a^' ^" 16 heter ° CyClic C 3 . 16 heteroaryl, 

C M alkylsulfonyloxy, c 1H| haloalkylsulf onyloxy, 
c 6- 20 arylsulfonyloxy, or C 6 . 20 aryloxy. 
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